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PRi’.FACE 

This Service Contract, DEN 3-144, was issued October 17, 1979 by the 
NASA Lewis Automotive Power Systems Office as part of tlieir overall pro- 
ject responsibility for the DOE automotive heat engine programs. Its 
purpose was to support continued use by the Government of Baseline en- 
gines and vehicles and Upgraded engines and vehicles delivered by Chry- 
sler to the Government under DOE Contract EY-V6-C-02-2749 . 

The scope of work to be performed as defined in the Specifications 
section of the contract is included in Appendix A. Specific tasks to be 
performed under these specifications were defined by twenty-one delivery 
order request:; from the NASA Project Officer, Appendix B, 


1 . 0 SUMMARY 


Seven delivery orders were carried out in the area of gas turbine 
exhibits and vehicle demonstrations. These were to support DOE and NASA 
in their efforts to inform industry, the public, and Government on the 
benefits and purpose of the gas turbine programs. 

Three delivery orders were carried out which involved limited testing 
to evaluate components, also under the task of providing information 
which demonstrates the potential of the gas turbine engine. Data were 
generated on air bearing rotor shaft dynamics, heavy duty variable sheave 
rubber V-belts, high temperature elastomer regenerator drive mounting arid 
graphite regenerator seal friction characteristics. 

Nine delivery orders were carried out for maintenance, repair, and 
retrofit of the experimental gas turbine engines being used by NASA in 
their gas turbine technology programs and in program demonstrations. 
Spare parts were procured and/or provided as necessary, Prints and parts 
lists of engine design updates and microfilms were delivered to the pro- 
gram. 

Two delivery orders were carried out in meeting the report require- 
ments . 


2.0 INTRODUCTION 

During the test and development period of the Upgraded Engine and 
Vehicle Program commencing in July, 1976, a total of seven engines were 
built. Five engines were retrofitted; the last, Engine 3, retrofit 5, 
was funded by this contract. The status of the engines and their loca- 
tion at the termination of the service contract, January, 1981, are sum- 
marized in Figure 1. Three engines were tested in vehicles, designated 
U-1, U-2, U-3, and an update, U-4. Three were assigned to the ongoing 
development activity at NASA LeRC in Cleveland, Ohio. The remaining en- 
gine was used for providing experimental information for the AGT102 pro- 
gram at the Chrysler Facility in Detroit. 

At the time this report was being written all three vehicles were in 
the Chrysler laboratory, but two vehicles, U-2 and U-4, were imminently 
assigned to DOE headquarters in Washington, D.C. 
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For clarity of preaeotation, the following reporting i» by aubject 
area, in that individual delivery orders overlapped aubject engine, vehi- 
cle and teat activity. 


3.0 ENGTircSj^KgFITj, 

3.1 E ng /u e 1 (PP3-13 )^ _Retrof^^^^^^ w/Noel Penny Power Stage, Chrysler 
Teat Facility 

Thio engine was principally used to docuaient gas generator rotor 
shaft dynamics during start conditions, steady-state, accel. decel and 
shut down at several lubricant temperatures. The latest mod air bearing, 
improved spot welded foil utilizing fine grain X750 material, was instal- 
led. 


The gas generator was instrumented with two pair of probes, front 
and rear, as shown in Figure 2, to define shaft movements. It was not 
feasible to calibrate the probe system to determine the .emperature ef- 
fect on the output signal. Therefore, the surfaces beneath the probes 
were interrupted with grooves of two different depths (blips). These 
grooves act as calibration marks to determine both shaft deflection am- 
plitudes and shaft orientation. The groove detail is shown in Figure 3. 

Regulated shop air was required to force-cool the rear hot probes 
during both running and soakback phases. 

Figures 4a and 4b define the instrumentation setup and Figure 5 
lists this special equipment. The use of an oscilloscope with camera and 
visicorder allowed quick-look data capabilities to identify any gross 
anomalies during the test. 

Figure 6 shows the deflection amplitudes for both the cold (front) 
and hot (rear) locations. These data are from initial tests before the 
FM tape recording outputs were available. 

FM tape recording results are shown in Figure 7a through 7p for 
steady-states and starts only. These data indicate relatively large de- 
flections for speeds up to 70%. Additional reduction of the tapes was 
terminated due to lack of funds. 

The original plan was to document rotor shaft dynamics at minimum 
unbalance with the unbalance forces coplanar in the same direction. The 
data would be analyzed by NASA, MTI and Chrysler personnel. Subsequent 
tests, dependent on the analysis, would include coplanar forces in the 
opposite direction, increased imbalance and possible use of a compliant 
shaft seal replacing the control gap seal. Funding limitations did not 
permit this plan to ensue. 

3,2 Engine 2 (PP4-15), Retrofit 4, Vehicle U-4 

This engine was first retrofitted in October, 1978 and installed in 
vehicle U-1 until June, 1980. Prior to installation in U-4 (Dodge 
Mirada) the engine was disassembled to install a new impeller and inspect 
the reduction gears. 


2 


Tho i»ow('r wIuh* 1 had rubbct} Uu* oiiK'r fjhroud. Ihsikh i ion 

showed tlio l/ulklu'ad to bo distorted and i ot roni outrir to the jiowor lur" 
bxn(‘/ftas generator pilots. 'Ihe engine housing and power turbine nozzle 
assembly were inaduned, reestablishing the respeitive pilots. A new 
power turbine wheel and reduetion jjear set were used for this build. 

The first stage turbine wheel was r<*plaeed as it had i raek iinlira- 
tions at the blade root; area see Appendix fi (Failure Report 84), This 
wheel was one of the first Mod 3 eastings. 

The latest 18/18 bladed, steel indt.eer impeller was also xmiuded 
in this build as these components have better perfotTrance than the 24 
bladed version. 

The engine was run briefly on the dynamometer to cheek mechanical 
integrity and spot check power which was 64 hp (<1 95%. 


3.3 Ermine 3 (PP2-l6)j Retrofit 5^ NASA LeRC 

Power Plant 2-3 was returned to Chrysler in May, 1979 for retrofit to 
the A926-1 configuration, and re-designation as PP 2-16. Total engine 
time was 359.4 hours. On teardown a number of discrepancies were found, 
including a glazed regenerator core, failed power turbine thrust bearing, 
and heavily rubbed PT rotor. These findings are documented in Appendix C 
(Failure Report No. 74) and related photographs, see Figures 8a through 
8e. 


Following thorough cleaning and inspection, the -1 retrofit was per- 
formed. This consisted of updating the gas generator to the Mod 3 con- 
figuration, the power turbine nozzle assembly to Mod 2, and the power 
turbine assembly to Mod 2. During the rebuild, a number of deviations 
from the released A926-1 parts list were required, as follows: 

- The air inlet was re-instrumented, and the inlet guide vanes re- 
worked to asRure capability of setting +60® throttling position if re- 
quired. Program constraints prevented fitting the engine with a two-pos- 
ition VIGV actuator as planned; the engine was shipped with the VIGVs 
locked at zero degrees. 

A new 18-18 splitter impeller with steel inducer was installed to 
facilitate rotor speed instrumentation requirements . The gap between 
inducer and impeller was not filled. Clearances were higher than desir- 
ed - 0.012 in. radial and 0.015 in. axial. 

As requested, a lean, premixed, prevaporized (LPP) combustor was in- 
stalled. To adapt this assembly to the Mod 3 vortex, the combustor tube 
required modification per sketch 952-SK-23187. 

A full set of flow baffles were installed in the engine housing per 
drawing 4096591. 

- The elastomer flow dam was installed in the regenerator cover for im- 
proved flow distribution. This dam is defined on drawing 3814278, revi- 
sion "J". 
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“ A regenerator core of AS material had been requested. However, be- 
cause of the limited availabilixy of AS cores, the engine was delivered 
with a standard I.AS C'^re. 

- The regenerator static "L" seals were serviced and replaced as re- 
quired. Final engine cold leakage was 6.1% at 80% Ngg conditions, slight- 
ly above the normal limit of 6%. Tim? did not permit investigation of 
the leakage. 


- Because no new parts were on hand, air bearing S/N 21-1 was inspected 
and re-installed in the engine. Previous running time on this part was 
19.9 hours in PP2-3 build BO. 

- Similarly, power turbine wheel S/N 202, found damaged on teardown, 
was the only available part. The heavily ri»bbed areas at the blade lead- 
ing edge tip and root were machined to a smooth contour as shown on Fig- 
ure 9, and the wheel re-inspected and judged acceptable for reinstal- 
lation as a limited-service part. PTW tip clearance was set at 0.012 in. 
minimum, based on previous experience with light PT tip rubs when 0.010 
in. clearance was used. 

- As requested, instrumentation was limited - standard instrumentation 
such as p2 statics and P^ total probe were omitted. 

- It was originally planned to include, as part of the retrofit, a set 
of specially-contoured PTN shrouds as supplied by NASA. However, due to 
an interference problem with these new shrouds, it was agreed to build 
the engine with standard Mod 2 PTN parts. 

Shakedown testing revealed no mechanical problems, and performance 
was satisfactory at 79.3 HP. Figures 10 and 11 compare PP2-l6's perfor- 
mance to the original A-926 design goals. The lower-than-expected per- 
formance was attributed to the high compressor clearances, salvaged PT 
wheel, and excessive seal leakage, as discussed above. However, it 
should be noted that, prior to retrofit, this engine only produced 53.6 
HP (PP2-3 BK). 

A combustor problem early in the test period was resolved by increa- 
sing burner dilution area by 20%; final NOx emissions values are shown on 
Figure 11. A speed stability problem above 80% Ngg was traced to a de- 
sign deficiency in the ECU. Documentation of corrective action is shown 
in Appendix C (Failure Report 82). 

Following a total of 28.7 hours oi shakedown testing and calibration, 
the engine was prepared for shipment, and delivered to NASA on March 2A, 
1980. 

On January 8, 1981 the gas generator was disassembled at NASA to in- 
vestigate the cause of high rotor drag, and the smooth foil of air bear- 
ing S/N 21-1 was found shifted forward. Subsequent inspection of the 
bearing at Chrysler is documented in Appendix C (Failure Report 92). 

3.4 Enkne 4 (PP 5-4), Non-Retrofit, NASA LeRC 

This original release engine, extensively instrumented at NASA LeRC, 
was tested at NASA to document Upgraded engine performance levels. 
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In an effort to deterafne the route of reported high blowhy, power 
turbine/reduction gear 4 was returned to Detroit (or tnapertfon, Seal 
leakage aira»ure»ent« were doruaiented and were within acceptable liaita. 
The unit waa returned to LeRC. 

Engine 4 waa deactivated, reaiove't (*-001 cell SE*2 and replaced with a 
retrofitted engine. 

3.5 Engine 5 (PPH-IO ^. Non »Re t rof It , Vt ht cle U-3 

Thia engine waa inatalled in vehicle U'3 in Septeaiber, 1977 and waa 
principally uaed for diaplay purpoaea. Engine aervice waa aiiniaial. The 
coaibuator rover waa replaced aa the original had looae inaulation. The 
original aiixer/lgiiitor alignaent waa unacceptable, therefore a new nixer 
waa inatalled; aee Appendix C (Failure Rr art 89). 

A abort in the wiring circuit of the electronagnetic clutch required 
replaceaent of the clutch aaaeably; see Appe. dtx C (Failure Report 88). 

An original release air bearing, with aolybdenua disulfide coating, 
has accuaulated 1384 starts to date. Engine speed is Hailed to approxi- 
mately 85% speed. 

3.6 Engine 6 (PPlO-14), R etrofit 2, Vehicle U-2 

This engine was retrofitted and first evaluated in a test cell in 
July of 1978 and inatalled in Vehicle U-2 September, 1978. The engine 
waa removed to rc;-..'ce a failed power turbine one aonth later. The re- 
placement assembly utilized the latest modification, higher capacity 
thruat/anti-thrust bearing system. 

The gas generator assembly was refurbished in December, 1979 to re- 
place T, thermocouples that had deteriorated. Air bearing 8-2, which had 
accumulated 188 hours, 2195 miles, and 1104 starts, was replaced with an 
updated bearing, i.e., fine grain X750 foil with "improved" spot welding. 
Bearing 8-2 exhibited edge loading toward the turbine wheel side, and was 
delivered to NASA LeRC, and then to HTI, for inspection and commentary. 

The replacement air bearing has accumulated 82 hours of test time, 
1283 miles, and 557 starts to date without incident. 

3.7 Engine 7 (PP 9-11), Retrofit 3, NASA LeRC 

The engine is retrofitted with Noel Fenny second stage hardware and 
was first run in November, 1978 and delivered to NASA LeRC in Hay, 1979. 
Three regenerator elastomer drive failures occurred between December, 
1979 and Harch, 1980 and are discussed in detail in Section 6.2. 

The fuel metering valve was replaced with the valve from PP5-4 (in- 
active at LeRC). Reports of positive fuel shutoff problems prompted the 
change. There were no significant calibration differences to warrant 
reprogramming the ECU fuel schedule. 

Erratic operation of the power turbine nozzle actuator prompted its 
return for repair in late September, 1980. The problem was traced to 
galling between the output rod and aluminum adaptor which had not been 
anodized as specified. 
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Iii .m ft tut t tM tlir t .lusr Mi hi),!h li|(w)»Vi 

f iMii gc.jn 4 w.jf. to liofjMif Imi jiiNjMHfiHii hool 

mt'.iMU Mmoiit !. »i(H iiiiioat M»I oHii woim wjthia om <jif limits 

ilu* imif w.is n'tiuriMiI tM 

4 w.is (ip.n f iv.it <••1, ‘I iM»m m*1I ,SKm’ witfi i 

ri‘t I Ml I t t (**i OI4UliM. 

i/j Kuyiiu' S Noii-KflrMl i f , I!” 1 

Tlu.s I'UKini* w.if, uisf .iiliMl in vi-im lo |J» t m •i(>pt<*ml»i*i , V‘h’/ anti w.if. 
pritu ip.illy iiNcti tor jiurjiofiiMi. Ki 4 ‘jiu> fiorviiM was mnurn.il. Tho 

c omimstiir mvor was lojdau'd .is th<* oi iginal h.id luMse msul.it loii. Ihc 
origiiul nuxiT/igiiitor .iligumcat w.i.s unariopt.ililo, tliMii'l'tri* .i now iiiixiT 
was ui.stallf'il; soo Appi'iidix i'. (F.uluro Ht: srt B'lJ. 

A short in the wiring cirfuit nt tin* I'lin t romagnot i» i luU’h mpiirisl 
roplaiinnont oi tho tiiilth .isni'inhly; noo Apja*. dix V, (Farluri* Koport BH). 

An original rolouso air hisiring, with ino 1 ybdonuin disnliido (o.iting, 
has amimuiatod 1384 starts to date. Kngine speed in limited to approxi- 
mately Hh% speed. 

3.6 Kngine 6 (PPlO-14), Hetrofit 2, Veliiele U-2 

This engine was retrofitted and first evaluated in a test lell in 
July of 1978 and installed in Vehiele 11-2 Septemlier, 1978. The engine 
Was removed to tr; .ace .i failed power turbine one month later. The re- 
placement assembly utilized the latest modif ieation, higher capacity 
thrust/anti-thrust bearing system. 

The gas generator assembly was refurbished in December, 1979 to re- 
place Tj. thermocouples that had deteriorated. Air bearing 8-2, which had 
accumulated 188 hours, 2195 miles, and 1104 starts, was replactol with an 
updated bearing, i.e., fine grain X750 foil with "improved" spot welding. 
Bearing 8-2 exhibited edge loading toward the turbine wheel side, and was 
delivered to NASA LeRC, and then to MTI, for inspection and commentary. 

The replacement air bearing has accumulated 82 hours of test time, 
1283 miles, and 557 starts to date without incident. 

3 . 7 Kngine X .MSA^MC 

The engine is retrofitted with Noel Penny second stage hardware and 
was first run in November, 1978 and delivered to NASA LeRC in May, 1979. 
Three regenerator elastomer drive failures occurred between December, 
1979 and March, 1980 and are discussed in detail in Section 6.2. 

Ihe fuel metering valve was replaced with the valve from PP5-4 (in- 
active at LeRC). Reports of positive fuel shutoff problems prompted the 
change. There were no significant calibration differences to warrant 
reprogramming the ECU fuel schedule. 

Erratic operation of the power turbine nozzle actuator prompted its 
return for repair in l-ate September, 1980. The problem was traced to 
galling between the output rod and aluminum adaptor which had not been 
anodized as specified. 
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A tcrvict call was requirad In laic October to faaillarla# NASA LebC 
[ with Inatallatlon and profraHainx proceduraa for the iteplaceaent noaxle 

actuator. Vhe original actuator wax reconditioned, the adaptor anodlxed, 

and the aaaead>ly returned to NASA aa a spare. ! 

A gas generator air bearing failure In Dereabrr required conalderable j! 

support sctlvlty to prepare and provide the replaresMnt parta; see Appen* 
dlx C (Failure Report 91). NASA LeRC personnel will reasseaible the gas 
generator at their facilities. 

3.8 Engine Des ign, Drawing, Pa rts List Update 

During the service contract period, drawings and parts lists were up- 
dated to reflect the ongoing engineering changes Instituted by vendors, 
laboratory and design personnel. The Chrysler engine aodel nuaiber was 
changed froa A926 to A926-1 and Is represented by Parts List 724. Sub- 
asseablles such as the Noel Penny power turbine stage and droplet dif- 
fusion cosibustor were assigned to the optional parts list while the orig- 
inal power stage (with turbine wheel blades restaggered 6*) and lean, 
preailxed, prevaporixed coabustor were retained on the -I parts list. 

Hicrofllas of the updated parts were prepared, sMunted In NASA aper- 
ture cards, and delivered to LeRC. 

Chrysler part nuabers are cross indexed to the NASA nuaberlng systea. 

Originally NASA assigned P/N C(X)7S9243 through C(X)760242 to Chrysler 
for a total of 1000 nuabers. To date nuabers up to C(X)7S9962 were used 
leavl.ig 281 nuabers. Additionally C(X)643789 through C(X)644287, a total 
of 498, were assigned but not used. 

Suaaarixlng the status of the A926-1 upgraded engine release, the gas 
generator, coabustor, regenerator and part of the engine housing are 
fully updated and included on the 724 parts list. Soaw alnor revisions 
and/or corrections in the air intake, power turbine, vehicle accessories 
and parts of the engine housing were never coapleted due to lack of 
funds. 

3.9 Spare Engine Coaponents 

In an effort to ainialxe engine and vehicle down tlae, spare gas 
generator and power turbine/reducticn gear asseablies were built and in- 
clude: 

- Gas generator 4, non-retrofit for Engine S, PP8-10, Vehicle U-3. Al- 
though a non-retrofit gas generator, this asseably is coaprised of 
iaproved aerodynaalc hardware, specifically CTN122 and 0.8 Baseline 
CTV 125. The ait bearing represents the latest aod, i.e., fine grain 
X7S0 foil with iaproved spot welding. This unit was asseabled as a 
replaceaient for the gas generator currently installed in the vehicle 
(asseabled in July, 1V7, original release aero hardware and air 
bearing) . 

- Gas generator 10, retrofit, ainiaua instruaentation, for vehicle use. 

This asseably has an 18/16 steel inducer laqieller, CTN 157 (-1"), CTV 
153, and latest aod air bearing. 
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- Power turbinr/reilucl Ion Rear 2, retrolit (or vehicle uae. Thia ai* 
aeaibly la roaq>rited o( an II* bent PTV 221 • laodlfied diffuaer and 
rotor bearing ron( iguration , 

• Power turbinr/reduct i>^n gear 9 retrofit, for teat cell uae only, Sn* 
ginea I and 7. Thia aaaeably utilixea the Nnel Penny power stage and 
latest rotor bearing configuration. 


4.0 VEMICLKS 


Vehicles were serviced and aiaintained to assist UOK in its efforts 
to infora the Covernaient , industry and the public of the DOE Gas Turbine 
Highway Vehicle Syateas Progrua. Vehicles were in service at DOE Head* 
quarters in Washington, D.C. ani at various DOE sponsored shows and ex* 
hibits throughout the country. 

Two baseline and two upgraded vehicles were maintained and aade 
available for ride/drive deaonst rat ions for this task. One of the origi* 
nsl upgraded vehicles, a 1976 Dodgu Aspen, was replaced by a 1980 Dodge 
hirada. Additionally, a restyled Chrysler LeBaron show vehicle was main* 
tained and displayed. 

The six vehicles involved in support of the Government are identified 
below. 


Baseline 

B-2 

(Car 667) 

1973 Plymouth Satellite 

M 

B*T 

(Car 671) 

1973 " " 

Upgrade 

U*l* 

(Car 385) 

1976 Dodge Aspen 

M 

U*2 

(Car 386) 

1976 " 

M 

U*3 

(Car 649) 

1977 Chrysler LeBaron 

M 

U*4 

(Car 469) 

1980 Dodge Mirada 

Vehicle 

U-4 

replaced U- 

1 as an update. 


4 . I Ma intenance 

Baseline vehicle B-3, assigned to DOE headquarters, Washington, D.C., 
was principally utilized for ride and drive demunst.'ations . 

Two service calls were required to correct an "abort start" condi* 
tion. The start cycle safety system (T, temperature rate of rise) failed 
and was attributed to excessive underhood temperatures. A radiation 
shield was installed to reduce heat input to the start cycle safety sy* 
stem. No system development was pursued. Combustor components and an 
alternator were replaced after routine maintenance. 

Limited Upgraded vehicle usage at DOE Headquarters, Washington, D.C., 
exhibited cold start problems. The vehicle was returned to Detroit as 
suitable diagnostic equipment was not available. Figure 12 summarizes 
Baseline and Upgraded vehicle service calls. 
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4.2 Denonstrations 


A chronological auanary of exhibits, displays and desionst rat ions 
is shown in Figure 13. All requests for vehicle exhibits, displays, and 
deaonatrations were met. 

The vehicles were driven by numerous people with a minimum of fami- 
liarization required. Generally, driveability was reported as satisfac- 
tory and noise levels acceptable. 

4.3 Vehicle Usage 

Monthly operational summaries of the five vehicles active during 
this period are shown in Figures 14a and 14b. 


4.4 Vehicle Status 

Figures 15 and 16 summarize the specifications and status of the 
Baseline and Upgraded vehicles respectively. 

4.5 Baseline Vehicles 

B-2, 1973 Plymouth Satellite 

Work was initiated to reactivate this vehicle after two years of 
storage. A gas generator change was required. The previous gas genera- 
tor was damaged. Loss of oil pressure bad failed the rotor bearing. The 
vehicle is almost operational. 

B-3, 1973 Plymouth Satellite 

This vehicle, assigned to DOE Headquarters, Washington, D.C., re- 
quired minor service as discussed previously. The vehicle is presently 
in Detroit. It was replaced in Washington by Upgraded Vehicle U-2. 


4.6 Upgraded Vehicles 
U-1, 1976 Dodge Aspen 

This '*ehicle was the second to be assembled for the program and 
is essentially identical to U-2. It was utilized to support ride and 
drive demonstrations for the coordination meetings in the Detroit area. 
Vehicle activity during this period was minimal. The car was deactivated 
and stored in June 1980. The engine was removed and inspected (Ref. Sec- 
tion 3 2) and transferred to the Dodge Mirada, U-4. 

U-2, 1976 Dodge Aspen 

This vehicle supported numerous Government-sponsored shows and ex- 
hibits around the country. As such, considerable commercial shipping was 
utilized which resulted in damage to the vehicle structure and suspen- 
sion. Strengthening the problem areas reduced the severity of damage but 
did not eliminate the problem, see Appendix C (Failure Report 86). The 
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damaKC w.is considerably more severe than what is encountered in corporate 
show vehicles shipped around the country. The severity suKKOi-s abusive 
shipping pr<iceiiures/t ie-down techniques, e.g., rough roads and excessive 
tie*down loads. The shipping contractors were alerted to the problem.s 
and pl.tted in direct contact with our cjiporate shipping personnel in an 
effort to eliminate the proiilem. 

During ride/drive demonstrations at Ames and Cc.ncil Bluffs, Iowa, 
the vehicle was driven a distance of 189 miles at approximately 60 MFH 
average speed. This included 2A miles of typical city driving. Average 
fuel economy (gasoline fuel) was 21.5 HPG, which agrees favorably with 
tests conducted on a chassis rolls that averaged 21.15 MFO. 

The vehicle was placed in service at the Department of Energy, Wash- 
ington, D.C. in late .September, 1980, and remained in service for two 
months. Complaints of cycling, undershoot, and smoke were reported dur- 
ing the cold start procedure only. The vehicle was recalled and consider- 
able time and effort were expended in an attempt to identify and resolve 
the problem. Interaction of the various systems and sub-syst(*ms which 
could contribute to the problem are shown in Figure 17. Current field 
service is very difficult without the necessary support diagnostics and 
readouts. The cold starting deficiency was traced to an intentional con- 
tamination of the fuel tank with kerosene-type fuel, see Appendix C (Fail- 
ure Report 93). The upgraded combustor/control system has minimal de- 
velopment effort with alternate fuels. The effect of alternate fuels on 
the elastomers, e.g., o-rings, seals, etc., is of prime concern, as these 
may cause swelling, resulting in erratic and/or inoperative components. 

U-3, 1977 Chrysler l.eBaron 

This is a modified 1977 LeBaron coupe with a distinctively-restyled 
fiberglass front end. This show vehicle was built at the request of the 
Department of Energy as a Public Interest Car (PIC). This veh'’cle's use 
is to focus interest and attention to the gas turbine activit. .spon- 
sored by the Department of Energy. 

The vehicle has supported numerous DOE-sponsored shows to date, both 
here in the States and in England. The vehicle has been shipped an esti- 
mated 24,300 miles and .irfven less than 400 miles. The vehicle structure 
and support systeuis have had to be continually repaired due to improper 
shipping and tie-down techniques. The engine, which is the original 
A926-0 release configuration, has not been removed nor received major 
service work since installation in September, 1977. A combustor cap was 
replaced when the linerless insulation was found to be loose. The engine 
to date has accumulated 80.4 hours of running time and 1384 starts on an 
original release air bearing. 

U-4, 1980 Dodge Mirada 

Vehicle ll-l, a four-door 1976 Dodge Aspen, was deactivated and its 
powerplant. Engine 2 (retrofit 4), PP 4-15, was rebuilt for installation 
in U-4, a 1980 Dodge Mirada. This rebuild includes the first vehicle use 
of the 18 full and 18 splitter blade impeller with steel inducer. De- 
tails of this engine rebuild are discussed in Section 3.2. 
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After dynamometer qualification, the engine was installed in the 
Dodge Mirada (Vehicle U-4) which shares the same basic platform and run- 
ning gear with the Aspen. Vehicle modifications included floor pan re- 
work for increased exhaust system size, engine compartment rework for 
engine/vehicle system packaging, new pressure-operated heater and A/C 
system components, A/C compressor and lines, and engine compartment wil- 
ing. The distinctively-styled Mirada soft-facia front end provided suf- 
ficient room to locate the oil cooler upstream of the A/C condenser for 
improved cooling performance. Other components were transferred from 
Vehicle U-1, including intake and exhaust systems, ECU, hot water heat 
exchanger, A/C condenser, hydraulic brake booster, steering gear, and 
lightweight front crossn.^mber . 

Vehicle U-4 and the engine installation are shown in Figures 18a 
and 18b. 

5 • 0 CONTROL SYSTEMS 

5 . 1 Familiarization Session at NASA LeRC 

Chrysler personnel participated in a control system familiarization 
session at Lewis Research Center in January, 1980. The class and lab- 
oratory sessions included: 

- Engine control system overview 

- Detailed description of the ECU 

- Programming the control system 

- Use of the keyboard programmer, diagnostics, and 
Pro-Log programmer. 

Figures 19a and 19b show the session syllabus. An instruction manual 
was prepared and copies distributed. 

A separate NASA contract established with Ultra Electronics provided 
additional instruction in, and repair service for, their equipment in use 
at Lewis Research Center. 

5.2 Electronic Control Unit Modifications 


Gas generator speed signal conditioning for both 18 blade steel in- 
ducer installations (engines 2 and 3; PP4-15 and PP2-16) required a cir- 
cuit change. The rationale for the change is described in Appendix C 
(Failure Report 82), letter H. P. LeFevre to J. Gross dated March 21, 
1980. Other ECU-related deficiencies were noted for future investigation 
or repair. 

5.3 Power Turbine Nozzle Vane Control 


Rub blocks were added to Engine 2, PP 4-15, to prevent the power 
turbine ring gear mesh from jamming (Figure 20). Power turbine nozzle 
response is being monitored on this installation (Vehicle U-4) . 

The power turbine nozzle actuator on Engine 7 (PP9-11), NASA LeRC 
CE-28, was replaced in October due to binding of the output shaft in the 
engine housing adaptor; see Appendix C (Failure Report 90). The damaged 
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. t 1 . 1 . 1 or w.i!. later ret nndil loiied and nhippt'd to LeRC a:i a opart'. A ser- 
V *'• >al' oas required to familiarize I.eRC personnel with intital lation 
and 1 rograiiiiiiing procedure;; loi Iht* nozzle at tuator, including 

xniiiai setting of the null valve (FEMA), 

■>- adjustmetii of the feedbatk potentiumeter for t lotied loop opt'ra- 
lion on and 

— programming end tht'ck out. 


6 . 0 TES;n^ 

6 . 1 Variab le Speed Rubier B e ll Evaluation 

In an effort to chara'" ;e the eliect;; of axial pullt'y forces on 
variablt* speed V-belt trans ■ )n performance, tests were performed with 
an existing test rig; st'e F i 21. 

Te;;t constraints included rig slip and kinematic limits, belt strt'ss 
level, belt centerline force load cell capacity, and moderate engine tor- 
ques. Test points, which wt're each repeated once, are defined in Figure 
22. In addition, twenty no-load points were checked to establish minimum 
drive* torque losses. 

Some general trends in power, speed, and speed ratio can be seen 
in Figures 23a thru 23g. Here the efficiency of the drive is plotted 
against the traction coefficient. The traction coefficient is a measure 
of the belt lateral loads (pulley axial forces). It is defined as (T^- 
T^il/CTi+T,)) , where T^ and T 2 are the belt tight and slack side tensions, 
wfiich are^functions of torques, belt centerline <^o'"ce, and belt geometry. 
Soma conclusions drawn from this study: 

— Reasonably high efficiencies were obtained at moderate loads 
even with ± 4% allowance for measurement error. 

— Drive losses were relatively insensitive to changes in traction 
coefficient. 

These data have been analyzed for axial force relationships and con- 
trols characterization by NASA; ref. NASA TM-81652 and SAE 810103. 

6.2 Regenerator Core/Ring Gear Elastomer 

During the period of December, 1979 through March, 1980, three regen- 
erator drive elastomer failures were reported by NASA. All three fail- 
ures occurred while running at high gas generator speed conditions in 
Power Plant 9-11, Cell CE-28. These failures are documented in Appendix 
C (Failure Reports 78, 81, and 83), and detailed discussion will not be 
repeated here. 

However, they can be summarized by stating that, in each case, there 
was evidence of a possible cause or causes of the failure, but, at the 
time, none of these could be singled out as the probable cause. It now 
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appears lhat the probable cause was, in fact, excessive torque load caus- 
ed by loss of regenerator running clearance, resulting frosi distortion of 
the bulkhead and crossans sections of the engine housing. This pheno- 
sienon can result frosi prolonged operation at high speeds and cycle tesi- 
peratures, as discussed on page 2 of Failure Report 83. At that tisie 
Chrysler recoamended that NASA ii.crease the regenerator running clearance 
froa a noainal 0.040 inch to a ainiaua of 0.050 inch. This recoaaenda- 
tion was followed by NASA personnel, who also resKived the baffles res- 
tricting bulkhead cooling. Subsequently, no additional elastosier fail- 
ures have been reported. 

During the course of the investigation, as noted above, several 
other potential sources of the failures were exaained, and these activi- 
ties are suassarized below. Many of these are directly related to the 
ongoing ACT program, and work in these areas is continuing on the Hod 015 
contract effort. 

Elastomer Strength vs. Temperature. 

To aid in checking properties of new shipments of elastomer, and to 
investigate the elastomer's strength at projected operating temperatures, 
a shear test fixture was designed and fabricated. Figures 24a and 24b 
show this fixture as installed in the Instron test machine. Also shown 
is a typical shear specimen before and after test (see Figure 25). The 
specimens are prepared under conditions identical to those used for in- 
stalling ring gears, with the same elastomer thickness (nominally 7 oxn.), 
and with a minimum cross-sectional area of one square inch. In an effort 
to force the samples to fail in shear (as found at NASA), they were pre- 
pared with generous fillet radii on all edges. However, all the room 
temperaturi' samples failed by peeling rather than in shear, with an aver- 
age shear load at failure of 330 psi. This compares to the A926 elas- 
tomer design shear load of 3.5 psi, implying a room temperature safety 
factor of about 95 - clearly not a marginal design. 

The fixture was then modified to allow shear testing at elevated tem- 
peratures, as shown in Figure 26. Preliminary test results, shown on 
Figure 27, indicate a substantial drop in material properties in the 
300-500"F range, but the design safety factor is still 14 at 500**F. It 
was noted that specimens tested at 500*’F and above failed in the shear 
mode (as compared to the peel mode for the room temperature samples), 
whigh matches the failure mode observed at NASA. Samples between 300 and 
500°F showed evidence of both failure modes. Testing of Sylgard 186 and 
candidate replacement materials is continuing with emphasis on the criti- 
cal 400-600®F range. 

Elastomer Strength vs. Gasoline Exposure. 

An area of concern is the predicted loss of elastomer properties 
when exposed to gaitoline droplets or vapor. This condition can occur 
during burner development work or at other times when frequent false 
starts are experienced. A preliminary evaluation of this effect was made 
by exposing an earlier-design shear specimen to concentrated gasoline 
vapors for twenty hours prior to room temperature test. The elastomer 
showed marked swelling, with resulting lower durometer and higher elonga- 
tion, but still sustained a load of 70 psi before failing in the peel 
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appears that the probable cause was, in fact, excessive torque load caus- 
ed by loss of regenerator running clearance, resulting from distortion of 
the bulkhead and crossarm sections of the engine housing. This pheno- 
menon can result from prolonged operation at high speeds and cycle tem- 
peratures, as discussed on page 2 of Failure Report 83. At that time 
Chrysler recommended that NASA increase the regenerator running clearance 
from a nominal 0.040 inch to a minimum of 0.050 inch. This recommenda- 
tion was followed by NASA personnel, who also removed the baffles res- 
tricting bulkhead cooling. Subsequently, no additional elastomer fail- 
ures have been reported. 

During the course of the investigation, as noted above, several 
other potential sources of the failures were examined, and these activi- 
ties are summarized below. Many of these are directly related to the 
ongoing AGT program, and work in these areas is continuing on the Mod 015 
contract effort. 

Elastomer Strength vs. Temperatu re. 

To aid in checking properties of new shipments of elastomer, and to 
investigate the elastomer's strength at projected operating temperatures, 
a shear test fixture was designed and fabricated. Figures 24a and 24b 
show this fixture as installed in the Instron test machine. Also shown 
is a typical shear specimen before and after test (see Figure 25). The 
specimens are prepared under conditions identical to those used for in- 
stalling ring gears, with the same elastomer thickness (nominally 7 mm.), 
and with a minimum cross-sectional area of one square inch. In an effort 
to force the samples to fail in shear (as found at NASA), they were pre- 
pared with generous fillet radii on all edges. However, all the room 
temperature samples failed by peeling rather than in shear, with an aver- 
age shear load at failure of 330 psi. This compares to the A926 elas- 
tomer design shear load of 3.5 psi, implying a room temperature safety 
factor of about 95 - clearly not a marginal design. 

The fixture was then modified to allow shear testing at elevated tem- 
peratures, as shown in Figure 26. Preliminary test results, shown on 
Figure 27, indicate a substantial drop in material properties in the 
300-500°F range, but the design safety factor is still 14 at 500®F. It 
was noted that specimens tested at 500°F and above failed in the shear 
mode (as compared to the peel mode for the room temperature samples), 
which matches the failure mode observed at NASA. Samples between 300 and 
500°F showed evidence of both failure modes. Testing of Sylgard 186 and 
candidate replacement materials is continuing with emphasis on the criti- 
cal 400-600°F range. 

Elastomer Strength vs. Gasoline Exposure. 


An area of concern is the predicted loss of elastomer properties 
when exposed to gauoline droplets or vapor. This condition can occur 
during burner development work or at other times when frequent false 
starts are experienced. A preliminary evaluation of this effect was made 
by exposing an earlier-design shear specimen to concentrated gasoline 
vapors for twenty hours prior to room temperature test. The elastomer 
showed marked swelling, with resulting lower durometer and higher elonga- 
tion, but still sustained a load of 70 psi before failing in the peel 
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mode. In future tests, the effect of gasoline vapor on hot strength will 
also be doiunented. It should be noted that f luorosilicone coatings are 
available for use in protecting the silicone elastomer from attack by 
hydrocarbons if needed. 

Increased Elasto m er Area D e sign. 

Should it be determined that reduced shear load on the A926 regen- 
erator drive elastomer is needed, a design with increased elastomer shear 
area has been proposed. This design, shown schematically in Figure 28, 
is an adaptation of the ACT configuration. It permits an increase in 
elastomer shear area by at least 75%, reducing maximum shear load to ap- 
proximately 2 psi. Other advantages include: 

-- An increase in the relative elastomer surface area exposed to 
cooling air flow. 

-- A shorter heat flow path length between source (matrix) and sink 
(ring gear). 

-- An increase in the number of individual elastomer segments - from 
9 to 36 - to improve load-sharing capacity of the remaining pads 
should a single pad failure occur. 

Detailing of this design will not be initiated unless needed. 

Graphite Seal Friction vs. Moisture Content. 

As discussed on page 3 of Failure Report 81 in Appendix C, graphite 
seals are subject to contamination with atmospheric moisture, resulting 
in momentarily higher friction loads until the heat of friction and/or 
combustion can evaporate it. Preliminary tests, using small samples of 
graphite statically loaded on a representative matrix surface, showed 
that breakaway torque can double in the presence of moisture (see Figure 
29). However, for this condition to seriously affect elastomer life, a 
condition of maximum load and zero regenerator speed would have to be 
achieved (equivalent to 100% gas generator speed and a stalled power tur- 
bine) - an impossible situation. No additional investigation in this 
area is planned, although the seal friction and wear test machines now in 
operation could be used for further evaluation of graphite seal dynamic 
friction vs. moisture content should the need arise. 

Excessive Core Speed Rate of Change. 

During this investigation, the question was raised as to the possi- 
bility that rapid changes in engine output shaft speed, imposed b; cell 
CE-28's programmable dynamometer, could cause excessive elastomer loads. 
A subsequent review of the cell's dynamometer speed vs. time traces, sup- 
plied by NASA, showed that there was no cause for concern; maximum rate 
of dynamometer speed change indicated was 700 RPM per second. 


7.0 MISCELLANEOUS 

7 . 1 Delivery of Parts 

Twenty-seven individual requests for engine parts and/or information 
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were aede by NASA personnel froa October, 1979 to February, 1981. An 
iteaized list of all parta shipped, arranged in reverse chronological 
order, is shown on Figure 30. Air freight services were utilized to 
expedite deliveries. 

7 . 2 Inventory, P OL Cove rn aent -Ow ne d Capital P roperty 

In accordance with a letter dated April 10, 1980 froa R. H. Bauer, 
Hanager/Regional Representative, U.S. Dept, of Energy, Chicago Operations 
and Regional Office, Financial tlanagesient Division, 9800 South Cass Ave., 
Argonne, 111. 60439, Chrysler Corporation prepared the first seai-annual 
capital inventory of OOE Gove rnaient -owned property. 

This property is part of the NASA-managed autosK>tive gas turbine 
development program and is presently at two locations: 

1. Chrysler Corporation 
12800 Lynn Townsend Drive 
Highland Park, Michigan 48231 

2. NASA Lewis Research Center 
21000 Brook Park Road 
Cleveland, Ohio 44135 

This inventory, not included in this report, is available upon request. 

Additionally, a summary of spare parts procured during this contract 
period is appended as Figures 31a and 31b. 

7.3 Parts Failure Reporting 

Part failures and deficiencies were routinely reported as an ongoing 
activity of the service contract. Twenty Failure Reports were written 
and are attached as Appendix C. Air bearing failures were the most sig- 
nificant Upgraded engine deficiency that impacted on the development pro- 
grams at NASA. Regenerator ring gear/core elastomer failures contributed 
next to test cell down time. 

The vehicles were plagued with frame and structural damage induced 
by improper chassis tie-down techniques employed by commercial carriers 
responsible for transporting the vehicles. Chassis tie-downs and adja- 
cent structures were reinforced on all vehicles. Coordination of activi- 
ty between the carriers and knowledgeable corporate personnel did reduce 
the damage problem. 

8.0 CONCLUSIONS 

1. All requests for vehicle exhibits, displays and demonstrations were 
met. 

2. Transportation of vehicles via commercial carrier resulted in an in- 
ordinate amount of chassis damage attributed to tie-down procedures. 
Reinforcement of the chassis structure and correct tie-down procedure 
minimized this problem. 

3. Ongoing maintenance of test engines at NASA LeRC, Cleveland, 

Ohio, and Chrysler Corporation, Detroit, Mich., was accomplished. 
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4. Thr CTW air bearifiK denonatratrd unacceptablr reliability in teat 
rrll enginea. No air bearing failurea were experienced during limit* 
ed vehicle teatinj*. 

5. Several total and partial lailurea of the regenrrator*to*ring*grar 
elaatomer were experienced in NASA teat enginea at LeRC. Theae were 
attributed to high engine apeeda and cycle temperaturea experienced 
at LeRC. The problem waa alleviated by removal of engine houaing 
temperature control bafflea and increaaed regenerator aeal clearance 
(.040 in. to .050 in.). 

6. The Upgraded engine parta liata and printa were updated. Micro- 
ti Ima were delivered to NASA. 

7. One vehicle waa updated: U-1, Dodge Aapen (1976 model) to U-4, Dodge 
Mirada (1980 model). 

8. Gaa generator compreaaor aectiona of enginea teated at LeRC exhibit- 
ed aigni f icantly more impel ler/di f fuaer dirt depoaita than enginea 
teated at Chryaler, in both cella and vehiclea. Thia problem waa 
attributed to the air handling ayatema at LeRC. 

9. An inventory of parta/equipment waa completed and the resulta were 
reported to NASA. 

10. A marginal aupply of apare parta for the Upgraded enginea and vehi- 
clea reaulted in aome difficulty in effectively auataining the pro- 
gram. Some aerodynamic componenta, e.g., power turbine and comprea- 
bor turbine wheela, were claaaified aa limited aervice. 

11. The level of technical aupport to NASA diminiahed aignificantly aa 
LeRC peraonnel gained experience and familiarity with automotive pro- 
cedurea and rationale. Transmittal of the documentation of engine 
builda, teat houra, and teat procedurea to Chryaler could be improv- 
ed. 




9.0 recomms^atlons 

1. The air bearing design should be modified for foil attachment by 
means other than spot welding, to achieve satisfactory service life. 

2. Emphasis should be directed increasingly to vehicle systems operat- 
ing in real-world situations. 

A. Electronic control system inconsistencies and lack of reliability 
should be resolved. 

B. Maximum use of vehicles for routine commuting and intercity 
travel should be encouraged to promote identification and resolu- 
tion of real problems as opposed to dynamometer-duty problems. 
Actual fuel economy should be documented for comparison with EPA 
cycle values. 

C. Vehicles should be made easily identifiable as gas-turbine- 
powered to better assess public acceptance and support for the 
program. 
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3. Polyiaide outer regenerator aeali should replace the original, costly 
and fragile graphite parts whenever convenient. 

4. Coapressor diffusers should be replsced by new parts which are "clos> 
ed" 1.5* (design available) to achieve laproved coapressor surge aar~ 
gin at aaxiaua power conditions, so that full engine and vehicle per* 
foraanre potential can be achieved. 

5. An adequate supply of spare parts should be established, especially 
long-lead iteaa such as turbine wheels and regenerator asseablies. 

6. Analysis of the rotor shaft dynaaics (tests of Engine 1, PP3-13) 
should be coapleted by a consortiua of Chrysler, NASA, and NTl per- 
sonnel. Additional testing of rotor iabalance aodes is also encour- 
aged. 

7. Further deaonstration of the LPP coabustor concept is recoaaiended 
in both test cell and vehicle. Use of a ceraaic reactor tube section 
would avoid the durability problea of the aietal tube and proaote 
ceraaic technology. 

8. Vehicle sound levels should be docuaented, including the SAE J986b 
drive-by procedure, idle, and road load conditions. 

9. An investigation should be conducted on the factors that influence 
reduction gearing noise. These factors would include pinion gear to 
rotor shaft attachaent, rotor bearing spring and damping rates, tooth 
finish and contour, and lubrication variables. 

10. An effort should be aade to iaprove engine/vebicle response froa 
idle. Redesign of the turboaachinery for reduced inertia and/or ia- 
proved idle load control (to perait an efficient, higher idle speed) 
would be directly effective. 

11. laproved, siaplified, and better co-ordinated record keeping would 
help keep Chrysler and NASA Lewis personnel aware of current status 
of probleas, parts, priorities, and achieveaents. 
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LIM ul- SPKCIAl. INSlRlMtyiAiluN SHAl-^1 DYNAMICS 


QTY. DESCRIPTION 


IDENTIFICATION 
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Bontly fJevacla Proximl’y Probes 
Hot Zone 


Bently Nf*vadu Proximity Probe 
Cold Zor»e 

Bently Nevada Co-Axlal 
Exten;iion Leads 

Bently Nevada Proximltor 


Acoplan Regulated Power Supply 
Supply -'ith CORCOM EMI Filter 
(Power Source for Proxlmltors) 

Signal Conditioner Zero Offset- 
Proximity Probes. 

KB Electronics Vibration Meter 


MB Vibration Pickups 
1 vert axis, 1 horlz. axis 

Honeywell Vlslcorder 

Hev/lett Packard FM Tape 
Recorder - 14 Channel 


Calibration Module-FM Recorder 
Tektronix Oscilloscope 


Tektronix Oscilloscope Camera 
with Electronic Flash and 
Shutter 

Burr-Brown Signal Conditioner' 
12 Channel Capacity 


Type 190-00-00-07-18-02 with 
Cera lie Tip S/N; 408088 (1), 

408090 ( 2 ) 

Type 125-FL-18 

S/N 14145(3). 214144(4) 

Type 2789-144 


Mode 20931-02 (3115-2388-190) 
S/N H7653( 1 ) , 87646(2) , 
37673(3). 87582(4) 

Mode B1 86750 
Type 7444-1K3-1 amp 


Cl. /:5ler fabricated 


Model -M6, Serial No. 764 
Chrysler No. 10540 

Type 124 


Model 1858 Chrysler No. 22195 

Repro. Section-Model 3514A 
Record Section-Model 3513A 
Voice Channel-Model 3604A 
Tape Transport-Model 3525A 
Chrya,ler No. 169.049 

Chrysler Fabricated 

Model 5113 Serial No. B114214 
Chrysler No. -2206 

with: 4 channel amp. module 
Model 5A14N 

:Dual Time Base Module 
Model 5B12N 

Model C-5B Serial No.B024009 
Chrysler No. -2294 


Power Supply Model 506/16A 
Chrysler No. 15441 


FIGURE 5 



GENERATOR 




ROTOR SHAFT DYNAMICS TESTS 
Di spl acetnent vs. Time 
Start Cycle at Crank 



FIGURE 7a 
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FIGURE 7b 




ROTOR SHAFT DYN AMICS TESTS 
Displacement vs. Time 
Start Cycle Near Starter Orop-cxjt 



FIGURE 7c 
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OYNAHICS TESTS 
























KOTOR SHAFT DYNAM ICS TESTS 
Displacement vs. Time 
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GLAZED REGENERATOR CORE (TYPICAL) 
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THRUST BEARING 
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VEHICLE LSACa: SIWARY 
1979 - 1981 


MUI«H 

VEHICLE NO. 

HOLRS 

MILES 

STARTS 

OMfNlS 

Oct. 

U-1 

385 

55.3 

546.5 

682 


Nov 



55.3 

546.5 

683 


Dec. 



55.6 

546.9 

706 


Jan. 



56.1 

547.4 

722 


Feb. 



56.4 

547.4 

725 


March 



56. S 

547.4 

726 


April 



57.1 

547.4 

747 


May 



57.6 

547.4 

750 


Jine 



57.6 

547.4 

750 

Deactivated vehicle; Removed E-2. 

Oct. 

U-2 

386 

380.0 

5556.9 

3362 

Electric clutch replaced 

Nov. 



388.5 

5610. 

3445 

PTN actuator req. service. 
Vehicle chassis sustained damage 

Dec. 



391.4 

5627.4 

3475 

Repaired chassis structural damage; 
serviced gas generator 

Jan. 



395.5 

5641.5 

3502 


Feb. 



404.4 

5698.5 

3568 


March 



407.7 

5749.9 

3592 


April 



424.1 

6088.1 

3677 

Repainted vehicle 

May 



426.2 

6105.1 

3693 


Jiffie 



429.3 

6145.5 

3706 


July 



435.6 

6264.3 

3734 


Aug. 



442.5 

6493.7 

3793 


Sept. 



448.8 

6598 

3861 

Shipped vehicle to Wash. D.C. 

Oct. 



454.7 

6683 

3883 

Nov. 



461.6 

6819 

3946 

Req'd. service call; control 
problen^ cold start 

Dec. 



464.4 

6828 

3975 

Return to Detroit; diagnose 
control problem 

Jan. 



470.6 

6893 

4001 


Oct. 

U-3 

649 

60.6 

279. 

924 


Nov. 



60.6 

279. 

924 


Dec. 



60.8 

★_ 

*_ 


Jan. 



61.6 

- 

940 

Repaired Intake duct/boot 

Feb. 



67.9 

307 

1034 

Repaired chassis structural 
damage, cooler, fan mounts 

March 



68.8 

308. 

1104 


April 



70.4 

309 

1151 


May 



* 

— 

— 

Repainted vehicle; shipped to 
Sacramento,. Calif. 

June 




— 

— 

Display/demonstration , 
Sacramento, Calif. 

July 



- 

- 

- 


Aug. 



- 

- 

- 


Sept. 



75.6 

321 

1291 

Returned to Detroit; repaired; 
shipped to Wash. D.C. 

Oct. 



79.4 

332 

1348 

Shi(^>ed from Wash. D.C. to 
Daytona Beach, FI.; returned to Det. 

No-»^. 



80.1 

332 

1376 

Display at Mich.EHergy Ebqpo 80 

Dec. 



80.1 

332 

1379 

Jan. 



80.4 

332 

1384 



* odoneter, coulter inoperative FIGURE 14a 
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VEhICLE USACE 

SlfMARY 






1979 - 1981 


r 

Mumw 

VEHICLE NO. 

HOURS 

MILES 

STARTS 

cctfitms 


Aug. 

U-4 469 


53.0 


Vehicle modification complete 

' 

Sept. 


57.9 

53.0 

768 

Note:hrs, starts, are from 
vehicle 0-1, Engine 2 

f. 

Oct. 


67.8 

99.0 

845 

Prepared for CCM, Mod MD15 contract 


Nov. 


82.5 

313.0 

896 

Demonstration at CCM Hyatt Regency 
funded by MUD 1*1015 contract 


Dec. 


87.5 

324.0 

923 

Installed updated car comfort 

systems | 

r 

Jan. 


89.6 

324.0 

941 



1025.4 21659 


1026.6 21670 
1026.6 21670 
1026.6 21670 
1026.6 21670 


Baseline vehicle, in storage 
@ Silver Spring Dodge Inc. , 
Silver Spring, Md. 


Reactivated vehicle 


FIGURE 14b 



BASELINE VEHICLE SUMMARY 
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FIGURE 15 


UPGRADE VEHICLE SUMMARY 
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FIGURE 16 


COLD STARTING DIAGNOSIS 
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FIGURE 17 
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VEHICLE U4, 1980 DODGE MIRADA 




ENGINE INSTALLATION - VEHICLE U4, 1980 DODGE MIRADA 






FAMILIAKI/AIKJN SGiEIXJlJ-: 


UPGRADED E2«INE 


NASA SERVICE CONDUCT DEN 3-144 


JANUARY 22-24^1980 


COWroOL SYSTTM C^’ERVIBW AND' ENGINE 




1. F\jel System 

2. Variable Power I\jrbine Nozzle System 

3. Variable Inlet Guide Vane System 

4. Starter System 

5. Safeties 


PR0CSA^t1ABI£ ANALOG CX)NI?OL (PAC) SYSTPN 


1. Early Development (PAC 120, PAC 250) 

2. Description of Electronic Control Unit (ECU) 

(PAC 500) 

Mother Board 
Power Supply 

Analog Input /Output Boards 
Analog Con|xiter (GCA Board) 

Digital GCA Control and RCM Memory 

3. Software Programming 

4. Programming Hardware 

Pin Panel 

Prolog Prom Programmer 
Keyboard Progranmer 
Program Printer 

5. Sensors 

6. Turbine Control Panel and Engine/ECU Diagnostics 


PROGRAMMING THE PAC 50C 

1 . Block Diagrams 

2. Flow Charts 

3. Analog Con^ting Unit (ACU) Instruction Set 

4. Typical Subroutines 

Pre-Start Timer and Open Circuit Safeties 
Pedal Schedule 

Gas Generator Speed Governing 


FIGURE 19a 






IV LABOUTCRY SESSION 


Engine SluulceClon/Keyboard Oencnstratlon 
Engine TesC/Prant Progranining DencnsCraClon 


V FURJRE CONSIDERATION 


1. t'lASA Engine Tests 

2. Ac;r 

Digital /Analog 

Dedlcatad/Progranneble 

Input/CXxtpuC Ii.rerface 

Progr an nable Digital Controller - PDC 

Dedicated Prograrameble Production Prototype 


HANDOnS 

1. Control System Excerpt, A-926 Final Report, with additional 
notes on E3CU. 

2. Section 4 (ProgranmLng) of PAC User's Manual, Ultra Electronics, Inc. 
with sample l^)graded Engine subroutines. 


^ctor C««r 
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V-BLLT CVT KIC TLSIS 
TtST POINIS 



Spacifiad Availabla 


No 

Ni 

No 

HP 

out 

Setting 

X 

Kanae 

X 

Katige 

1.78 

3200 

11.0 

A 

.1 - .9 

.1 - .6 

1.00 

3200 

19.3 

B 

.2 - .9 

.1 - .8 

1.00 

1800 

11.0 

C 

.2 - .9 

. 1 ” .8 

.36 

1800 

19.3 

D 

.2 - .9 

.2 - .8 

1.78 

3200 

19.3 

E 

.2 - .9 

.2 * .6 

1.00 

3200 

34.7 

F 

.3 - .9 

.2 - .8 

l.OU 

1800 

19.3 

C 

.3 - .9 

.2 - .8 

.36 

1800 

34.7 

H 

.4 - .9 

.3 - .8 


61 Total 33 Total 

69 Total, Spacifiad and 
Achiavable 

No ■ Output Speed, RPM 

Ni ■ Input Speed, RPM 

T - T 
1 1 * 2 

X ■ ' — * incrementa of .10 

1 2 

T^, T 2 * Eatimated Belt Tenaion Forcaa 


K 


FIGURE 22 
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TRANSMISSION EFFICIENCY versus TRACTION RATIO 







BELT 4 VENDOR B B3-14-8B RUNS £1-118 US 



TRANSMISSION EFFICIENCY versus TRACTION RATIO 






UENDOR 


O ^ O w\ WN 

• •••••• 
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^ 9s ^ 

mm 1^ 
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TRANSMISSION EFFICIENCY versus TRACTION RATIO 

















FORCE REQ'O (BREAKAWAY), OUNCES 


BREAKAWAY FORCE VERSUS TIME 


HUMIDITY EFFECT ON GRAPHITE 


X sample A 
0 sample B 
O sample C 


polished surface Initially - sealed In plastic bag 
with moisture and stored at room temperature 
polished surface Initially - sealed In plastic bag 
with moisture and refrigerated 

surface as-run - stored at room temperature adjacent 
sample A 


, test samples are sections of failed Inner rear 
regenerator rubbing seal 

, specimens stored with moisture were dabbed dry to remove 
beads of moisture which formed during soak period 

. these are averages of 5 readings 



0l » —I I I 1 1 I L 

01 2345678 

TEST POINTS (24 HR. SOAK PERIODS) 


FIGURE 29 


02/03/81 

01/14/81 

12/05/80 

11/11/80 

10/14/80 

09/03/80 

08/07/80 

08/18/80 

07/31/80 

06/03/80 

05/28/80 

04/25/80 

04/17/80 

03/18/80 

03/03/80 

02/13/80 

02/11/80 

01/21/80 

01/14/80 

01/14/80 

01/10/80 

01/09/80 

12/21/79 

11/27/79 

11/14/79 

11/01/79 

10/10/79 


DELIVIKY or PAKT8 tO NASA L«RC 

October, 1979 to Februery, 1981 

Failed air bearinga (6-2 and 21-1) and reporta, abaft dyanmica reporta 
CR 95 inaulation, rear rotor aeal, torch gaaket and AN890 material 
PTN actuator S/N 3, burner gaaketa, miac. fittinga 
Air bearing S/N 25, middle aeal, "0" ringa 
Final report Vol. 2 

Outer regenerator aeal, burner/torch gaaketa, torch bolta 
Burner cover S/N 3 

Stainleaa alien acrewa, acceaa panel acrewa, tab waahera 
CR 95 inaulation, filler, Ludox 
Final report Vol. 1, Vol. 3 

Pre-mixer S/N 7, tube S/N 17, gaaketa, burner parta 

Engine, tranamiaaion, and miac. material removed from Car 649 

Regenerator S/N 11, gaaketa, fuel filter, air inlet foam gaaketa 

Final report Vol. 4, actuator S/N 4 

Seal, rear inner-regenerator 

Burner liner S/N 16 

Baae platea, graphite aeal, regenerator, eccentric, Pro-Log 

ECU, keyboatd programmer, Pro-Log, fuel pump, fuel filter, miac. fuel 
ayatero parta 

im 

Compreaaor turbine nozcle S/N 160 
Aaaembly reduction gear S/N 4 
Silicon carbide vortex, aimulated rotor 

Metering valve, PTN aupport, ring gear, PTN vanea, ahrouda 

Regenerator S/N 16, aeala, torch bolta and waahera 

Oil pump S/N 55, oil pump pick-up 

Large wall photographa of Car 386 

Keyboard programmer, ECU 

Aaaembly - PTN S/N 8 (leaa aupport) 


FIGURE 30 
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APPfc2®IX A 


Contract I)EN3-14^ 


UNITED STATES 

NATIONAL AERONM^'ICS AND SPACE ADMINISTOAITON 
LEWIS RESEARCH CENTER 
CLEVELAND, OHIO 44135 






SPECIFICATIONS 
FOR SUPPOR'l SERVICES 
FOR THE AlTTOMOriV'E 
GAS TURBINE PROJECT 


It 


SPECIFICATION 3-858476 


S 


A-1 


Contract DEN.* -144 


I. GENE RA’ 

The wovamnant haa auppurtad davalopoant of autonotiva gas turblna anginas 
and gas turbina-powared autooobllas since 1972, principally through an EFA (than 
ERDA, now DOE) contract with tha Chrysler Corporation (contract number EY-76-C-02-2749 
The principal objective of this contract was the development of tha Basallna an- 
gina vehicle, and tha Upgraded angina and vehicles. 

These vehicles have seen service in Washington, DC and have been displayed at 
various Government- sponsored conferences and meetings. Both Baseline and Up- 
graded engines ard engine components have been provided to NASA-Lewis for use 
in-house research programs. In addition, Chrysler has prepared displays and 
exhibits for DCE's use in informing elements of the Government (Congress, 0MB, etc.), 
industry, and the public about the DOE Heat Engine Program. 

It is expected that the Government (both DOE and NASA-Lewis) will have a con- 
tinuing need for the Baseline and Upgraded engines and vehicles, and for tha 
various displays and exhibits previously prepared. Support services, maintenance, 
spare parts, ecc. for the engines, vehicles and displays have been provided in 
the past by Chrysler as a task under the DOE contract. That contract will be com- 
pleted on June 30, 1979. Therefore, this contract is required such that the 
same type of experience support continues to be provided for the engines and 
vehicles in the possession of the Government, and chat the displays and exhibits 
are maintained and available by DOE's purposes. 

II. SCOPE OF WORK 

This Statement of Work describes the casks to be performed by the Contractor 
to provide support to Che Goven. ent, in the form of services and materials , to 
assist DOE in its efforts to infor’i the Government, industry, and the public of 
the DOE Gas Turbins Highway Vehicle Systems Program. This shall include repair, 
retrofit and maintenance of Baseline and Upgraded engines and vehicles used for 
demonstration or test purposes at Government facilities. 

III. FU NCTIONS TO BE PERFORMED 

A. Exhibits. Demonstrations, and Information 

1. Task: Support the DOE Highway Vehicle Systems Office Gas Turbine 

Program in DOE's efforts to Inform the Government, indufitry, and the public. To 
accomplish this, the Contractor shall prepare visual aids, exhibits, displays, 
and demonstrations of gas turbine vehicles and related information, equipment, or 
hardware for evei.ts Involving the Government, industry, and the public as directed 
by the NASA Contra- :ing Officer. The cransporcation, setup, and dismantling of 
displays shall also be provided. This support effort may require performing various 
tests to provide experimental data to demonstrate the performance potential of Che 
automotive gas turbine engine. 
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2. Rcquironent! Perionntl ptrfoming th« tervlctt shall b« qualified 
and knowledgeable automocive gas turbine specialists. 

B. Maintenance. Repair. Retrofit, and Inspection 

1. Task: Perform or provide for the routine and non-routine maintenance/ 

repair/retrofit/inspection of the Baseline and Upgraded engines and vehicles as 
directed by the Contracting Officer t3 support the continuing operational needs 

of the Gas Turbine Project Office. 

2. Requirement: Personnel performing the services shall be trained and 

qualified in the operation and maintenance of the Baseline and Upgraded engines 
and vehicles. 

C. Materials and Spare Parts 

Materials and spare parts needed for display purposes and for the maln- 
tenance/repalr/retrofit/test/ of engines and vehicles as will be specified by the 
NASA Contracting Officer. 

D. Reporting Requirement s 

The Contractor shall provide Monthly Financial and Technical Progress 
Reports in a format of his own choosing (corporate letterhead is acceptable) . 

1. The Monthly Financial R«port shall provide for each Deliverv Order 
the labor hours expended per category and the resources expended for the reporting 
period; an estimate of plam-ed spending during the following month and the re- 
sources remaining in the contract. 

2. The Monthly Technical Progress Report shall contain a narrative 
suianary of the services performed under each Delivery Order, the problems en- 
countered, hardware replaced and recommendations for future procedures and/or 
inspections to be performed, based on the Contractor's experience. Assessments 
of failures shall be reported. In addition, the Contractor shall document for 
each vehicle the hours, starts, and miles accumulated during the period and the 
cumulative totals. 

3. The Contractor shall submit, by the fifteenth of the following month, 
six (6) copies of each required Monthly Report as directed by the N.\SA Contracting 
Officer. 

4. A Sunnary Report describing Che Contractor's experience in providing 
support t..nd maintaining the engines and vehicles shall be prepared at the end of 

the contract period of performa.nce . This report shall include all display and 
support services, the repair history, failure reports, utilization of spare parts, 
and suggestions for improvement. 

5. The Contractor shall deliver cxirenty (20) copies of the Sunsnary Report 
as directed by the NASA Contracting Officer vltnln thirty days after the end of 

the contract period of performance. 
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PP 2-3BO 


PART FAILURES AND DEFICIENCIES 9520-926-74 


I Tft toT NO. 9010 C.C. Wayner 


Power Turbine/Reduction Gear Assembly 3 


N^AMT 108.5 hours. Pinion Journal 8, 258.4 hours, PTW 202 


TTPC OF DPf RATION 

Transient 

Tests, Emission Test at NASA LeRC, 


Cleveland, 

OH 


: imoKOf MiwuM onotrtciiNCT The enyine was returned from NASA to the 


Research lab for retrofitting. (Mod 3 gas generator and Mod 2 


power turbine) There was no report of engine failure, although 


cop.trol of engine speed was erratic. Partial disassembly 


reveaJed the following damage 


The regenerator core 12 (341.1 hours) was glazed for a 


60* sector due to over temperature. The unit can be 


salvaged. The inner, rear regenerator seal was cracked. 


2. The power turbine thrust bearing was failed. The 


sleeve bearing moved forward axially in the aluminum 


support but v«'as not seized on the pinion journal. 


The journal is barrel shaped and crazed. Discoloration 


of the bearing assembly is minimal, indicating presence 


of oil cooling. The pinion/ journal can be salvaged by 


metal spraying and grinding. 


3. The power turbine wheel moved forward gently contactin 


the interstage assembly. The wheel is salvageable. 


(PI. IASI WMITt LAMRATOR* INIPCCTION ON RCVfRSC tIOC. AND MAIL TO 
DATA UCTION OCPARTMINT I7C PROVING GROUND) 


CHRYSLER CORPORATION **’“ 

INGINIIRING STAFF 


t 






















NASA 

LeRC 


lt*t,'TST& P*? 




M'ttj on »itT 


A-926 


9010 


9/8/79 


PART FAILURES AND DEFICIENCIES 


C.E. Wagner 



Power Turbine/Reduction Gear Assembly 3 



CKirrscn or r*iLu« 


. The intake system and compressor discharge ducting is 


severely contaminated with a sooty substance noted 


in all gas generators returned from the NASA facility. 


The engine will be retrofitted as planned. 


T. Golec 


P. R. Angell 


G.A. Ball 


V. Billington 


J.H. Engel 


Golec 


P, Kerwin (NASA) 


« Padovini 


R.F, Pauley 


R.S. Rarey 


N.W. Sparks 


J.V. Gross 

E.Z. Trieskey 

F.A. Hagen 





(FLIAU WRITC LAMRATOnV INtAfCTION ON NtVINSt SIOC AND MAIL TO 
DATA SICTIOH OtPANTMtNT 170 PNOVINC CNOUNOI 


rets m wh 

CHRYSLER CORPORATION 



INGINfCIIINC STAPP 

















ASX LEWIS 
RES. CENTER 


A-926 


9/20/79 


MH 


PP9-11 O 


PART FAILURES AND DEFICIENCIES 9520-926-75 


IMUtO TO 


otrr wo 9010 


MR C. E. Waaner 


Over unning Clutch A ssem b ^ 


3814425 (Not Serialized ) 

wiLiiowMWT — Refri Failure Reports 9520-926-18 & 64 


TVPf or OnWATION 


Transient Tests, Emission Tests at NASA Lewis Res. Center 
Cleveland, OH 


oiKwirrioNor rA.tu.i ow otrictwcy Overrunning clutch components, (Springs & 


Sprags) , were found in the oil pan. The cause and time of failure 


is unknown, engine operation was unaffected by the failure. 


Examination of the clutch indicated that the front plastic sprag 


retainer had separated from the clutch assembly allowing the sprags 


and springs to fall out. 




‘Tom ?jolec ’ 


A . Bil lina 

.X.-_Qolec_ 


J. Gross 


F . ..Hagen 



P^ Kerwin . (NASA) .. 

E. Kohl 




R. Padovini 




N. S 


tao-«Tst • 


} _ CIMS 422-0 »-0»_ 

(PLIAtl WRtTt LAROWATONV INtPICTION ON WIVKRtK 1101, ANDJ 
ATA 4«CTION . OtPAWTMINT (tTO, PWOVINO ONOUNO) 


CHRYSLER CORPORATION 
P. P. a O. STAFF 


•V*'-.:- J 

f P: < - .F V ^ 



> 


386 


OTT* "1 

pSTT"’' 





5470.6 Ml. 


DODGE ASPEN 

10/23/79 

375.3 HP 

PP10-14AF 


i»uio ro MPT 901(L 


PART FAILURES AND DEFICIENCIES 9520-926-76 


h W§gn^r_ 


r«iiT no Mt As s'v - A ccessory Drive Electric 
fAMT NUMMR 381<l489 


OH_^l*T 

o» oftwA T iQ w Ride/Driv e Demonstration 


h 


•OOY 5TTLC 


piKRti>TtoN Of fAiiunt OH ocMciiHCY^ Low Oil p rcs sur c wa s obs erved during the .start 
cycle. Wh en the pow er turbine/reduction gear accelerated to idle 
l^speed^ pr essure was norm al i ndicating a malf u^nct ion in the starter 
gear box/e lectr ic clutch drive syste m, "ni® P/N 3814582, welded] 

to in s ert 3814583 of e le ctric clutc h ass'y 38 14589 failed at the 

weld . The h e x drive sha ft disen gaged. The clutch assembly was 

re placed. The failed u nit can be sal v^^. 




/c /Mo/7f 


Tom Golec 




cc ; A. Bil lin gton 

T. Go lec 

_ J. Gross 

F. Hagen 

Paul Ker win (NASA) 
E. Kohl 




1 _____ 


R. Padoyini_ 
N. Spar)(s 

CIMS 422-01-0* 


V 

1 


— 1' 


^.FOMM tte« 




(FLIAil wniTI LAtOffATOnV INSFICTION ON AIVINtl tlOl, ANO MAIL TO 
DATA tCCTION . OCPARTMMNT ••70. FROVINO OROUNOI 


CHRYSLER CORPORATION 

P. P. h Da STAPF 
» • - • - • « •• 

C-6 


» .*• •» » 
.- ♦* » ^ J • . • 


^'1 



extendi ng 30X of section. H ard ness checke d 33 R C a t head, 25 RC 
at shank. T his T\ay be due t o operating a nd soak back temperatures 
exceeding that for 39 RC tempering (315^ C) . Material or design 


changes are being considered. 


Bruce Chapman 


cc: A. Blllington 


T. Goiec 


J. Gross 


F. Hagen 


I ^u^J<erwin (NASA) _ 


.E,..KPhl.. - 

R. Padovlni 


I Sparks 


CIMS 422-01-0* 


. /-"SS-t , 


’• (PLIAI* WHIT* LAIONATOMV INt^lCTION ON MBVinSI MLl AND MAIL T< 

I, £AT^_§5jJj;i2N, OIPANTMKNT MTO, mOVINO aROUNOI 

» - .f • - SMKJSaiV .*^t*i *=* ♦•*••• •• • •••• . I WJ 

1RONM >i>-47S* • CHRYSLER CORPORATION 


CHRYSLER CORPORATION 
P. P, • O. iTAPP 




• p. * • • w ^ 
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C-7 




152.4 Hrs. PP 9-111 


PART FAILURES AND DEFICIENCIES 9520-926-78 




9010 


C.E. Wagner 


ASSEMBLY - REGENERATOR CORE, COMPLETE 


, 3814226 S/N 7 


MILkt OM 


152.4 Hrs. 


Tm Of OMKATIOM 


TRANSIENT AND STEADY-STATE PERFORMANCE TESTING AT NASA 




The elastomeric pads of the regenerator drive 


system failed while running under 90% Ngg steady- state conditions 


at NASA. The engine reportedly ran for several minutes after the 


core stopped turnin 


rub between the rim 


and cover. The majority of pads appeared to have sheared : 


circumferentially at the mid-point, with a few pads showing small > 


areas of secondary ma t rix bre akage. The re was no evidence of 

adhesive failure at either the rim or matrix surfaces. This is 


the first failure of the elastomer pads in shear since the A-926 


program began. It is possibly related to the conversion to 


Sylgard 186 Elastomer, since Dow Corning has discontinued manu- 


facture of the previously used Sylgard 187. All parts are 


salvageable. It is reconinended that NASA install exl^ust gas ( Tg) 

overtemperature safeties for future engine tests. jl 

A. Billingt on 1/ 7/80 

tT IjoIsc/jT Gros^P. Hagen/Paui Kerwin (NASA)/E. Kohl 
R._Pe^vini/N, Sparks/R. Warren _ _ ^ 

CIMS 4U-0l-0t " 





•niTI UABONATONV INS^ICTtON ON NKVIMfl tlOB, AND MAIL TC 
TION . OI^ANTMINT M70, PNOVINO OHOUNOI 


CHRYSLER CORPORATION 

m. P. * O. STAPP 







INFORMATIONAL 



26 

Gmm Turbine 





279 

PP8-10L 


rt wo 9010 MW. ' 

Boot - Air Intake 


PART FAILURES AND DEFICIENCIES A-926-9520-79 


MW C. W. Wanner 


otKwirTtoMOf fMiuwoMwtricnwo The bo ot waa cut at the t wo front cornera; 
as a result the filter system was by-passed. The aluminum intak e 


duct was also damaged due to relative movement between the duct 


and eng i n e prope r . Tn i s da mage _i s attributed to the excessive 
amount of shipping this vehicle has been subjected to. It is 


estimated the v ehicle ha s been shi ppe d in exc ess of 820 0 miles on 

North Americ an hi ghways pl us a 6 000 m ile ro und trip to Esse x^ 

England. 



J. Gross 



P. R. Angell 

■'cr.—A;~'Baii 

J. H. Engel 

T. Gorec 

J. V. Gross (3) 

~R. Padbvlni 

R. S. Rarey 
E. Z. TtTeskey ~ 
*P. Kerwin (NASA) 
~ R. r.“ Pauley 


CIMt 4U-01-M 


WNITI LAWOMATOMV INA^ICTION on NIVBNtI BIOB, AND MAIL 
DATA AICTtON . OIPANTMINT tATO, moVINa OMOUNDI 

- ^ fj ' . . . .... ' • 

■•T*t • CHRYSLER CORPORATION 

M. P. * O. tJAWW 








A-926 


’WSBrn 

Gas Turbine 

2/21/80 

307 


Car 649 


PART FAILURES AND DEFICIENCIES 

mutoTc Dtrr no 9010 mu. C, E. Wagner 

Vehicle Complete (PIC) 

! 

lirAItT WUMttW 


PP8-10L 

9520-926-80 


imiLt* ON >AAT 


307 Miles 


TT »i or oMWATioN Vehjcle Deroonotratlon/Dlsplay - Daytona Beach. Florida 

February y 1980 

■oDviTYLi Spec3.al Modified 1977 LeBaron Coupe 

ottcAirTioNorFAiLuAioADiriciiNcr The Vehicle returned from a D.O.E. sponsored 
display at Daytona, Florida. Total shipping distance in North 


is row 

16 , 200 miles) . 


The vehicle sustained additional damage during 

this last trip 

and is 

itemized below. 


1. 

Right stub frame rail cracked on outboard, 

underside 


KfONM tM-AT«t I 


and inboard s ides. Fr actu re is aft tie down hole and 

is attributed to tie down shi pping techn i que. The left 
si de does not show failure yet. As a result the radiator 
yoke is forward on the rigt^ ^de. 

2. Oil cooler fan failed t^^ of three mounts and w as hanging 

down. Unit is still operational. _ 

3. Oil cooler failed two upp«_mounts . In a ddit ion the two 

cooler flanges are almost totally failed. Cooler somewhat 

supported by oil lines. 

• S"“i' - 

(FLlAtl WRIT! LABORATORY INSRBCTION ON RaVIRtI tlO>, AND MAIL TO 
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4 . Excessively large uneven gap between right door and front 
fender. This is attributed to the failed and distorted stub 
frame/radiator yoke (Item No. 1). The fender line is also 
outboard the door .OS/. 12 inch. 

5. The A/C condenser outlet tube is cracked at the tube iiupport. 

In addition, fin deunage occurred when the oil cooler support 
bracket chafed the condenser due to the failed cooler flanges 
as the support was free to pivot about the lower Isolation 
mounts . 

6. Lower screw on starter gear box loose. Backed out approximately 
two turns. 

7. Exhaust pipe cracked at mid span and is four-five inches long. 
Also local heavy indentations from hitting van system during 
loading and unloading. 

8. Rear section of lower control arm appears to indicate additional 
chafing due to possible tie down routing along this member. 

9. Air spoiler sustained additional damage to bottom and corner. 
Appears that tie down routing and/or vehicle transported 
attitude is cause. 

10. Sill bead heavily deunaged beneath and toward rear of right door. 
Same fore and aft area as exhaust pipe damage. 

11. Floor pan of vehicle shows additional abrasion at random areaft. 

12. Loft fender rocker panel trim loose. 

13. Tie down brackets at rear of vehicle are bent inward. Right 
side is considerably more than the left. 
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14. Rear shackles both sides lean Inboard. Shackles brackets 
may be bent. 

15. Rear stone shield shews additional damage from tie down 
hardware. 

16. A/C line at receiver dryer outlet fell off. 

17. Failed hook on battery hold down, battery loose to bounce 
around. 

18. The new filter box boot Installed has been cut by the filter 
box. The filter box outlet flange was again heavily damaged. 

The flange was reworked and new boot replaced 6.1 Hr, 2000 
miles previously (Reference: Failure Report A-926-9520-79) . 

This will require a major effort to provide required shipping 
clearance. 

19. Two of four bolts holding ECU to tray are loose. 

20. The fiberglass filler covering hood steel ribs Is cracking 
and delaminating. 

21. The hood/englne housing abrasion continues. 

22. The fiberglass skins continued to develop additional spider 
cracks, in addition the existing cracks appear to be progressing. 

23. The hood air cylinders no longer assist upon unlatching. 

24. The sheet metal cracks at f Irewall/feuder continue to grow. 

25. Reference Photos: 9080-41 - 1, 2, 3, * and 5. 
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R. Padovini, R. S. Rarey, E. Z. Trieskey, P. Kerwin, R. F. Pauley 
B. Chapman, G. F. Stecher (2) 
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AST w«m Assembly - RegenTator Cor«, co m plete 


i^AWT WUWMW 


3814226 S/N 16 


qw»a«t 126.7 Hours on Regenerator; 8.2 Hours on Elastomer 


TY»f Qf 


a^(g*T,ow Steady-staf and tranaient dynamometer teatlng at 


NASA, Coll CE-28. 


goor »T»LI 


OCiCgjgTIOW 0» T»IUJ»C 0« PgfIC'CWCT 


Prior to the failure, the engine had been 


running at 100% mechanical speed (58,500 rpm actual) with a 49 F ] 


inlet. Corrected speed was 103 .5% of design. Gradually increasing | 
P8 fluctuations were noted, and the speed was reduced to 90%, but a 


the fluctuations worsened, accompanied by T5 and T8 spikes. Engine 


speed and torque then began to decay, and the engine was shut down. 


On disassembly, seven of the ten elastomer pads were found 


sheared. A large section of matrix material between two pads was 


missing, apparently not related to the failure of the adjacent 


elastomer. The graphite seals were heavily and unevenly worn. 


indicating the passage of a coarse abrasive material between the 


regenerator rim and the seals. The inner rear rim se al had ___ 
white deposits in the pressure balancing grooves, and both it and 


the outer "D" seal were broken. The broken outer seal was caused 


by the unrestrained rim striking one of the retaining tabs on the 


baseplate. The cold face of the matrix showed several "prints" of 
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th* croaaarm ar«a of th* graphlt* "D” s«al. S** photos 9080-42, 

43, and 44. 

A raviaw of r*g*n*rator S/N 16* a t-*at history showod that th* 
cor* had accumulatad 120.5 houra prior to failur* in Car 386 
( ?P 10-14 0) on S*pt*mb*r 23, 1978. As notad in Failur* R*port 
No. 64, a control problam had allowad th* rrg*n*rator ar*a b*com* 
aaturatad with unburnad gasolina, causing rapid availing and datari- 
oration of th* alastomar. Th* raganarator was than bakad at lOOO^F 
to volatiliza all tracas of organics, and rapottad. Unfortunataly, 
at that tima (Novambar, 1978) thera was soma quastion as to tha 
quality of tha Sylgard 186 alastomar than on hand, and so it was 
dacidad to usa an oldar stock of Sylgard 187 matarial, which appaarad 
to hav* battar mixing and curing propartias than tha 186. This 
matarial had bean racaivad Juna, 1976, and thus at tha tima of potting 
had an age of 29 months, as comparad to Dow Coming's guarantaed shalf 
life of six months. 

From tha abova, it is possible that tha elastomer failure resulted 

« 

from tha use of matarial which had aged far beyond its intanddd shelf 
life, with resultant loss of mechanical properties. Samples of the 
failed elastomer will be analyzed in an attempt to verify this. 

Another cause or contributing factor may have been excessive torque 
loads resulting from: 

1. Conteunination of the seal rubbing surfaces .with broken matrix 
material, presumably caused by handling damage, and/or 

2. Excessive clamping forces during extended overspeed opera- 
tion. A 103.5% test condition will increase ?2, and 
therefore, drive torque, by up to 10%. 
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T«#o othar tast conditiona may also hava contrlbutad to tha 
failura. First, tha photo-Iika saal imagas on tha matrix cold faca 
suggast a transfar of graphita into tha ..aramic undar static and/or 
start-up conditions. It ij baliavad that this adhasiva bonding 
batwaan tha graphita and matrix occurs undar high molstura conditions, 
sinca tha coafficiant of friction of graphita is quits high whan damp. 
Basad on pravious obsarvation of haavy dc osits of combustion pro- 
ducts in tho compressors of anginas run in CE-28, it is known that a 
strong back-draft exists in tha call exhaust stack batwaan angina 
tests. This back-draft exposes tha graphita seals to high humidity 
from combustion and atmospheric moisture, especially whan davulopmant 
work requires frequent restarts (tha 8.2 hour build before tha failura 
had 27 starts) . The p*">blat.t is aggravated by tha hygroscopic nature 
of tha phosphoric acid impregnation used to give tha graphite (spear 
carbon Grade 7110) its high-tamperatura properties. Until tha heat 
of operation dries tha graphita surface, this dampness can causa 
excessive torque load on tha elastomer. 

Tha second condition may hava been exposure of tha elastomer to 
unburnad gasoline vapors during the numerous false starts reported in 
CE-28. The fuel supply system in this facility does not duplicate the 
vehicle system for which tha burner was designed, allowing aerated 
return fuel to be recirculated into the burner, leading to burner 
instability and flame-out. While tha exact relationship between 
exposure to gasoline vapors and deterioration of elastomer properties 
is unknown, tha earlier failure in Car 386 suggests that such condi- 
tions should be avoided or minimized. 

To prevent recurrence of elastomer failures of this nature, tha 
following steps will be taken at Chrysler: 
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1. All coras with auspact alaatonar will ba rapottad with naw 
natarlal now on hand, and alaatomar and prinar atocka will 
ba raplacad avary aix months. 

2. Whan aach cotw ia pottad, shaar tast samplaa will ba prapaiad 
and cvrad at tha sama tima, and than tastad to failura to 
varify ratarial intagrity. 

3. A Chryslar Rasaarch Procadura (CRP) will ba issuad to dafina 
and atandardiza tha corract potting mathod. 

4. Corning Glass Works has baan raquastad to supply an updatad 
procadura for rapair of tha rafractory camant coating on tha 
Matrix O.D. This information will alao ba issuad in tha 
form of a CRP. 

It is also racommandad that NASA considar tha followings 

1. Raganarators should ba carafully handlad at all timas, and 
thoroughly inspactad just prior to installation to varify 
tha intagrity of tha matrix and protactiva camant on tha 
rims and O.D. 

2. Tasting should ba limitad to speads, tempera turas, and 
pressuras within tha angina't published design envelope, 
and operating time at any maximum design condition should 
be minimized. 

3. The exhaust stack in CE-28 should be fitted with a positive 
acting exhaust damper, to prevent back-drafting of moisture 
and other comoustion products into tha angina. 
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4. CE-28 should b« •v^aippod with s float bowl in its fual 

systam, simulating tha vahicla's fual tank, to pravant 
racirculation of air to tha fual mataring valva and thus 
raduca falsa starts and f lama-outs. 


or- 

A. Billington 
3/6/80 
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cci P. R. Angall 
G. A. Ball 
J. Corwin 
F. Hagan 
J. V. Gross (3) 
R. Padovini 
R. S. Raray 
E. Z. Triaskay 
P. Karwin (NASA) 
R. F. Paulay 
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half the pick-up magnetic field, these variations may lead to 
differences in pick-up wave shape and amplitude, srfJiciently 
large for marginal speed processing network performance. 

Current and future engine builds will be surveyed to insure 
adequate engine/pick-up/speed circuit "system" performance. This 
cataloging of several engines will be necessary to make any design 
changes to insure adequate system performance for all builds. 

A potential for gas generator overspeed exists unless speed 
sensing system has been qualified for operation during its initial 
run. A letter regarding this is attached. 
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SPEED GOVERNOR PROBLEM - UPGRADED ENGINE 


The upgre^ed G.T. engine (PP 216-C) In Cell 12S experienced speed control 
problems In the 80-90% range. This powerplant utilizes the Hrst 18 
bladed stainless steel Inducer with magnetic pick-up speed sensina. The 
problem was Investigated with two different ECU's and signal condition- 
ing boards, as well as the two engine mounted G.G. speed pick-ups. It 
was found that the frequency to d-c converter (Bd. 6) lost pulses when 
the Input to ICl dropped below the critical threshhold level In the 
80-90% speed range. When Input resistor R13 was reduced from 4700 to 
1000 ohms, the duty cycle of the squared wave form (TPl) Improved and 
no drop out or threshhold problems occurred. The engine operated 
successfully to 100% speed with this Interim modification. 

The upgraded G.T, engine was originally released with a stainless steel 
compressor Inducer having 24 blades. (100% Nqg * 58,500 RPM = 23,400 Hz). 
A redesign of the compressor resulted In an 18 blade arrangement (100% Ngq 
58,500 RPM 17,550 Hz). New compressor hardware consisted of aluminum 
Inducers which utilized Bentl y-Nevada proximity probes for speed sensing. 
Similar speed sensing problems resulted due mainly to the frequency res- 
ponse limitations of the Bentl y probes which are rated to 10 KHz. The 
calibration of the frequency to d.c. converter has not been chanqed since 
both 18 and 24 bladed compressors are utilized. The correction is made 
In software for the 18 blade compressors, I.e,, Ngg X 1.33* 

The attached figures show eight oscilloscope photos with the applicable 
calibrations and conditions. Photos 4 and 8 represent the two speed 
pick-ups and processing signals at pin 4 of ICl and TPl of board 6 at 
50 % Ngg. The circuit loading of the pick-ups Is clearly represented by 
voltage reduction and waveform alteration. 

Left P.U. Rt. P.U, 

3.0 V p-p Loaded 5 V p-p 

6.5 V p-p Unloaded 13 V p-p 

The left pick-up had an installed gap of .021" while the right pick-up 
had an air gap of ,012", Photos 5 and 6 represent engine operation at 
90 % Ngg with the left pick-up. Loss of governed speed control occurred 
at approximately this speed with ECU #111 and Bd. 6 S/N 111, Previous 
engine operation lost soeed control with ECU #113 and Bd 6 S/N 1 1 3 at 
80 % and at 85 % with this ECU and Bd. 6 S/N 111, Note the Improved sig- 
nal at pin 4 of ICl and duty cycle change of TPl with RI 3 lowered to 
1000 ohm as shown In photo 6. Photos 1 and 2 show engine operation at 
75% Ngg. Photo 1 with the original value of RI 3 and photo 2 with RI 3 


84.110 7474 Rav 1*71 
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reduced to 1000 ohms. 

Engine operation at 50% Ngg Is shown In photos 3 and 7 with the lowered 
value of R13. In Photo 3 the right pick-up is utilized and channel 2 
shows the diode clamp waveform. In Photo 7 the left pick-up Is 
utl 1 1 zed. 

This speed sensing problem Is the first Instance for stainless steel 
Inducers and magnetic pick-ups. Reducing the Input resistance to 
pin 4 of ICl has Improved the Irput waveform to prevent threshhold 
drop out and has Improved the duty cycle of the squared waveform. 

Board 6 S/N 112 has this modi fl c.;r'i on and will accompany PP 216-C 
to NASA Le R.C. for Instal latloti ii) their test cell SE-2, Subsequent 
engine builds will be checked along with existing vehicle Installa- 
tions. 
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Ch. 1, 5v/dW 

Ngg pickup (R/H) to ECU 


Ch. 2, Iv/div 
Pin 4, ICI, Board 6 


Ch. 3, 5v/d1v 
TP1 , Board 6 


R13 * 4700 ohms 

i 


Photo 1 

Ch. 1, 5v/d1v 

Ngg pickup (R/H) to ECU 


Ch. 2, Iv/div 
Pin 4, ICI, Board 6 


Ch. 3, 5v/d1v 
TP1 , Board 6 

Hyj 

R13 = 1000 ohms 

1 


Photo 2 






0.05m$/di 


O.OSms/di V 









0.05>Tu/d{ 


0. Ims/di V 


Ch. 1, 5v/dW 

Ngg pickup (R/H) to ECU 

Ch. 2, Iv/div 
Diode clamp point A 

Ch. 3, 5v/d1v 
TP1 , Board 6 


R13 * 1000 ohms 


Photo 3 


Ch. 1, 5v/d1v 

Ngg pickup (L/H) to ECU 

Ch. 2, Iv/div 
Pin 4, IC1 • Board 6 

Ch. 3, 5v/d1v 
TP1 , Board 6 

Ch. 4, 5v/d1v 
Ngg pickup (R/H) 


R13 = 4700 ohms 


Photo 4 









Ch. 1y 5v/d1v 

Ngg pickup (L/H) to ECU 

Ch. 2, Iv/dlv 
Pin 4, IC1, Board 6 

Ch. 3# 5v/d1v 
TP1 , Board 6 


R13 * 4700 ohmi 



Photo 5 90% Ngg O.OSms/dl 


Ch. 1, 5v/d1v 

Ngg pickup (L/H) to ECU 

Ch. 2, Iv/div 
Pin 4, IC1 • Board 6 

Ch. 3, 5v/d1v 
TP1, Board 6 


R13 = 1000 ohms 



Photo 6 


90% Ngg 


0.05ms/di 
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A-926 SPEED PROCESSING SYSTEM QUALIFICATION 
REFCRI'.NCE: Failure Report 82: ECU Speed Procesring Board 


Duo to the nature of gas generator speed processing in the ECU, 
there is a potential for overspeeding the engine. To safeguard 
against overspeeding , IT IS RECOMMENDED THAT EVERY SPEED PROCESSING 
SYSTEM BE QUALIFIED DURING ITS INITIAL OPERATION FROM 60 TO 100% Ngg . 

"Speed processing system" is defined here as any gas generator, 
speed pick-up, auxiliary speed conditioning circuit or leads, 
board 6, or ECU combination. "Qualify" is defined as the ability 
of the speed processing system to accurately reflect true speed up 
to 100% Ngg. 

Any discrete change in speed processing system components requires 
a new qualification run. This would Include new builds, adjustments 
to auxiliary speed conditioning circuits (all aluminum impellers) , 
or selection of the spare pickup. Any change which might effect 
pick-up signal wave form, such as rotor, cover, or pick-up rework 
also requires a new qualification. 

METHOD OF QUALIFICATION 

1. Disconnect the fuel bleed solenoid valve from the engine electrical 
harness . 

2. Accelerate slowly from 60 toward 100% Ngg. 

3. If Ngg as displayed by the ECU drops suddenly by at least 5% 
while advancing the throttle, indicating a speed processing 
problem, go to Step 4, corrective action. Otherwise, go to 
Step 5. 

4. Corrective action. Check and correct signal and conditioned 
wave forms or decrease inducer tip and leading edge clearance 
to pick-up. Return to Step 1. 

5. If there is loss of throttle response at higher speeds, indicating 
a fuel system limitation, (see Point 6 on sketch) go to Step 6. 
Otherwise go to Step 13. 

r 

6. Go to one of the following Steps: 7, 11, or 12. 

7. Go to one of the following Steps: 8, 9, or 10. 
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8. Recalibrate the fuel system. Return to Step 1. 

9. Raise the acceleration fuel schedule. Return to Step 1. 

10. Reduce bleed flow by 10 to 50%. Return to Step 1. 

11. Observe the square wave duty cycle at test point 1 on 
Circuit Board 6 at maximum speed obtainable. If duty cycle 
is less than 75%, reconnect fuel bleed solenoid valve to 
engine electrical harness (on ECU control) and return to Step 2. 

12. If an independent overspeed safety is available, reconnect the 
fuel bleed solenoid valve to the engine electrical harness 

(on ECU control) or to an external 127DC supply. Return to 
to Ste|' 2. 

13. Speed processing system is now qualified. Proceed with test 
plans. 


EXPLANATION OF SKETCH 

If the ECU speed count drops off while accelerating from Point 1, 
the ECU meters fuel at the acceleration fuel rate of the false ECU 
speed at Point 2. 

If the bleed is open, the fuel level of Points 2 and 4 is sufficient 
to give a true engine speed corresponding to Points 4 and 5. If the 
bleed in closed, as it would normally be in an ECU defined accei 
mode, the engine fuel flow is great enough to accelerate the gas 
generator to Point 3. The stability point may surpass rotor burst 
speed if the false speed at Point 2 rises with true speed once the 
Board 6 duty cycle threshold has been reached. For these reasons, 
a reliable overspeed safety, independent of the ECU, or an open 
bleed are necessary for speed processing system qualification. 


B. W. Chapman 


BWC/bjc 

cc: A. Billington 

R. Schleicher 
G. Stecher 

L. Wagner - NASA Lewis Research Center 
R. Wulf - NASA Lewis Research Center 



f 




r 


NASA-Lewis 

JIHII 




Res. Center 

A-926-1 

3/19/80 

(See Below) 

PP 9-11 J 


PART FAILURES AND DEFICIENCIES 9520-926-83 


IttUtOTO PtfT no 


9010 


JUL 


C. E. Wagner 




Assembly - Regenerator Core, Complete 


MWT 


3814226 S/N 7 


QK 


169.4 hours on matrix, 17.0 hours on elastomer 
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Transient and steady-state performance testing at 


NASA, Cell CE-28 


to o* »TTLI 


N/A 
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This was the third consecutive elastomer 


failure in this power plant and test cell (Reference: Failure 


Reports 78 and 81) . Test conditions at the time of failure were 


100% Ngg, 85*F inlet, and 1378*F T8 . Prop shaft speed was 2600 RPM 


When the characteristic losses of power and speed were observed. 


the engine was brought back to idle, i data point taken, and 


shutdown completed. 


On teardown, all the elastomer pads were found sheared, and 


the continued running after the failure had caused much of the 


remaining silicone to rub off in small fragments, contaminating 


P 


the seal baseplates*. There was no evidence of adhesive failure 


at either the matrix or gear rim surfaces, and the matrix and its 




r 


edge coating were intact. Secondary graphite seal breakage, 
described in Failure Report 81, was noted. The rim area of the 
graphite was heavily worn, without the characteristic 


' outer "D" 


polish normally found, while the corresponding area of the inner 
rim seal showed only traces of wear. Both these seals had been 
installed new with Core No. 7, 17 hours before the failure. Ii 

( . . !•! ••• • »•- “• » — — 1i— W 
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*The core had been repotted on February 11, 1980, using a new stock 
of Sylgard 186 elastomer. c~3k 
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On th« two provioua failures this heavy, rough wear pattern had been 
noted, but it had been attributed to the passage of broken matrix 
and/or rim cement past the rubbing surface. In the case of this 
failure, however, no source of contamination was found. The center 
area of the inner crossarm seal showed an unusually good contact 
pattern, indicating heavy bearing on the hub. 

The above evidence suggests excessive clamping, such as would 
occur if the crossarm area of the engine housing bulkhead bowed 
outward. Bulkhead deflection had been documented and reported 
earlier in the program (Refwrencet Figures 20 and 21, 16th Quarterly), 
but no recheck has been made since the introduction of the housing 
baffles as shown on Drawing 4096591. These baffles improve BSFC by 
reducing T2 to T3 rise (Reference! Figures 11 - 14, 22nd Quarterly), 
and are incorporated in all powerplants at the time of retrofitting, 
including PP 9-11. While excessive core clamping has not bean 
noted at Chrysler, a major difference in test philosophies may be 
responsible. At NASA most testing is done with the inlet temperature 
set at 85*F, whereas at Chrysler the inlet is kept as cold as possible 
(typically 40 - 50*F) . This results in cyclo or "match” temperatures 
on the order of 100 - 150*F higher at NASA, with corresponding increases 
in housing temperature. This difference may be just enough to deflect 
the bulkhead beyond the regenerator build clearance (typically 0.040 in.), 
resulting in excessive torque loads and elastomer failure. Also, at 
Chrysler testing at 100 percent is kept to an absolute minimum - less 
than one percent of total operating time - to minimize risk to scarce 
development hardware. 

A second area of concern, considering the high regenerator failure 
rate in CE-28, is the capability of the cell's new dynamometer of 
inducing step-changes in output shaft (and hence, regenerator) speed. 

Rapid drive shaft accelerations, especially under high clamping load 
conditions, could conceivably overload and shear the elastomer. Room 4 
at Chrysler, where PP 9-11 ran 98 hours before delivery to NASA, also 
has a motoring dynamometer, but maximum typical prop shaft accelerations 
are on the order of 1000 RPM per second during start-up, with changes 
during running made even more slowly. 

While the recommendations of Failure Report No. 81 are still valid, 
the following additional precautions are urged: 

1. Until such time as bulkhead deflect: '-ns in the retrofitted 
engines can be documented, regenerator seal clearance 
should be increased to 0.050 - 0.060 inch. 

2. NASA should investigate ways of programming higher inertia 
settings into the CE-28 dynamometer, to reduce acceleration 
loads on regenerator and rotor systems. 

A. Dillington 

AB/bjc 

cc! P. R. Angell, G. A. Ball, J. Corwin, F. Hagen, T. Golec, J. V. Gross, 

R. Padovini, R. S. Rarey, E. Z. Trleskey, P. Kerwin 
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MKwtrTio N 01 OH otncuwc » Routi ne ZvrIo of CW 155 f ollo wtny teardown of 

' _ PP^lSl (Car J85) -revealed excjfspive jharp ijadLsAtJLoDt. 

pressure aurface on TO»t_oi_iht ntflT Tht luidlng ffdgfi 

Neutralizing the penetrant did not 

JIQd it J>l§d hack fronHthe f illet a reas I ndicating cr ack poBilbllUlea. The 


suction side was free of Indications. 


Mlcroacoplc exandnatloo revealed jexMsslve porosity - p ossibly crack 


Indi cations . Also evident were. small part lr>g lines yid a xial *'btiips" the 


ler^h of partiiig lines JLndicat lye of the water i^luable pattern process 


1 


8 Based on 

the foil owl rst analysis, the v^el was rermoved from vehicle 1 

1 service and held for llndted-teoi 

cell use. 1 



T^_ wheel 

Is one of a batch of flye received from Howmet;. . . | 

! ^ - 

Location 

Status f 


Ant - Cut Up 

Tips burned - Failure Rpt. #68 ! 

1 

• „.J53. 

Build UP - OG #10 

C 

{ - ‘54 

PP3-13 (Rm 12S) . 

V 

Shaft Dynamics 

1* 

i 155 

Ant - Hold 

.1 

‘ -.faaraws • a 

L* -• ^ 


1~. _ » .rj -r •-1. '^ 

V ..... 156 

NASA PP2-16 
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Since ClVf 152 is not usable it mbs enployed as a test piece to evaluate 
the wheel in question. Visually, the fillets looked similar althoogh the areas 
did not look as serious chrough the microscope nor were the Zyglo indications 
as nunerous or as sharp as VIheel 135. Ihe v^ieel was ndcrosectioned and 
examined at .020 inch axial increments from the leading edge. Most sections 
showed "notches" of varying severity at the blade root where Zyglo indications 
had been found. A crack extending to a depth of 0.014" wao fouxl at the root 
of a blade approximately 0.0^' from the leading edge. Additional grinding 
to a depth of 0.200" revealed connected shrinkage porosity extending radially 
to a depth of 0.500'*; with further grinding to 0.260", the shrinkage defect 
was fourvl to have developed into a crack emerging, at the surface, neat a 
blade root. 

Although overheating of CIV/ 152, prior to failure, might have er^ianced 
the apparent severity of the casting defects, the evidence points to a potentially 
shortened lif' in normal sendee for wheels with similar casting defects 
Lii.'ited service, with frequent inspection, is then recommended for Wheel S/N 155. 
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PART FAILURES AND DEFICIENCIES 734r)-9P6-85 


7340 


C. E. Wagner 


Engine Housing - Ccwplete 




3814204 (Housing Machining SN 4, PTN Support SN 3) 


ON f*»T 365 miles on damaged PT wheel 3813807-209; 42.7 hours 


472 starts, from Build G vehicle. 



K«iPTioNo» F»iLui« ON otriciiNCY The engine was removed from vehicle U-1 for 


inspection of power turbine assembly to determine the source of 


gear noise. The power turbine wheel had rubbed between the seven 


and twelve o'clock positions, as viev/ed from the rear. Runouts of 


the shroud showed it to be shifted downward .0065 in. relative to 


the power turbine pilot. Additionally the oold pilot in the 


housing for the PTN 


PTN support 


out of round and ver 


left side. 



This e 


bulkhead flow deflectors. A new reduction gear assembly will be 


used for Engine 2. Dual interwoven springs will be installed in 


the PT wheel journal bearing to decrease bearing complaince and 


rotor displacement. 


By; J. V. Gross and B. W. Chapman 


cc; J. M. Corwin P. Kerwin (NASA) R. C. Pampreen 
T. Golec T. Noale N. W. Sparks E 




(PLCASC WRITE LABORATORY INSPECTION ON REVERSE SIDE AND MAIL TO 
DATA SECTION DEPARTMENT 170 PROVING GROUNDl 


CHRYSLER CORPORATION 

ENGINEERING STAFF 
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PART FAILURES AND DEFICIENCIES 7830-926-86 p.g* I 


IMUIOTO OtPT NO 7830 m 

C. E. Wagner 



PAST NUMBiS ^ ^ 


442.3 hours 


TYPt OT oPiNATioN Display, D.O.E.; 

shipment by commercial carrier to and from Iowa. 


BODY tmc 


0iK«.MioNOY..au«f0BDiMC.iNCY Damages incurred during shipment: 


1) Transmission mount screw missing 


2) Right side engine mount rubber failure 


3) Starter cable off, stud touching air filter housing 

4) Heater hot gas supply tubing weld broken at gas valve flange 


3) Sheet metal cracks (approximate lengths, locations) 


left side engine compartment: 8", ECU tray upper along exlsli(i weld 


right side engine compartment: 


6" wheel well, heat exchanger, rear 


6" wheel well, heat exchanger, front 


1" wheel well, suspension clearance front 


3" battery tray lower, rear 
1" (x2) battery tray upper (old?) 

1" (x2) battery tray front, lower 

2" whee l well, frontjiear suspension access panel 

_ lottery tray lower (broken weld) ^ _ 

i _ 2"_bumper support bracket, outboard 


■! 

I 


(^LCASI wniTK LASORATORV INtPCCTION ON NIVKIttl tlOC, AND MAIL TO 
J, DATA ttCTION. DIPARTMKNT ISTO, PROVINO OROUND) 

' “ II a - -r-t swas^msv - - •• •••- - ^ ~ i ^ ■ i ' ■ ■■ 

tikoRM tX>.3Tat . CHRYSLER CORPORATION 

|| ‘ P. P, a D. STAPP 
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PART FAILURES AND DEFICIENCIES 
dated T-25-80 


7830-926-86 


Items 1, 3 and 4 have been repaired so that the car can be driven. 

The remaining Items will be repaired under future service contract funding, 


By ! Bruce Chapman 


cc ) 
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PART FAILURES AND DEFICIENCIES 7830-926-87 


PART NAMl 

Electronic Control Unit 


PART NUMRIR 

3814546 SN 5; Ultra Model C4E86, serial rv. 

113 

M1LU ON PART 

484 miles in Car 385 (U-1), 57.6 hours; 85.1 

hours total 

TYpf OP cpcRATioN Vehicle 


Dlscov«red C'ul 



icmmoN or MILUM 0« DiricifNCT of light o££ sensing and cranking timr sa£ecies. 


Excessive 'noise* observed in Ts rate o£ rise signal storage. Cranki 


voltage signal trips appropr i ately but £ails to disengage starter. 


Problems remained a£ter interchanging T/C, WS&I, and GCA circuit boards 


with E3CU SN3, which exhibited related malfunctions but with different synDtoms. 


ECU SN5 returned to service, with these deficiencies. Determination of failure 


source and repair to be undertaken when both manpower and vehicle are available 


conc u rrently. See 9-26-80 repair request for details. 



VfMtCkK riST •ICTION (NtPICTIONl (LA> INtPICTlOH ANO PIPOnT 


cc: J. Corwin 


. Golec 
J. Gross (3) 

P. KerwlrvNASA“ 

H. LeFev re 

T. Nogle 

R. P a dovln l 

ft. Pauley 

Sparks 

£. *19ieikey * 


BRUCE CHAPMAN 12-19-80 



CiF469 OXr* 

Car 385 LOG 
■■ 'Hnjs LOG ■■ 
ECU 3 LOG 


CIMS 422-01-0* 


PORM tae-4Tat • 

T- V f 


(PI.2A4I WNITI LA*OKATONV IN4PICTION ON PlVIPd •lOK, AND MAIL TO 
£AJ_Ajy[£Tt2N, OIPAPTMKNT 14T0, PPOVINO OROUNOI 

CHRYSLER CORPORATION 
P. P. A 0. STAPP 
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Car 649 
!' u-3 


A-926 

Gas TXirblne 


TFTTP 


10-17-80 


sTTnr 


332 


' ffilL ’l B” ■ 
PP8-10M 


PART FAILURES AND DEFICIENCIES 7830-926-88 


II 


IftJUCO TO OMT NO ^^30 MW 

|mwt na mi Vehlcje Co inplete 


DMfU NUMtifI 


hMlUit ON PAfIT 

Ij 

ii 


332.0 


Of of^f ATioN Vehicle Demonstratlon/Display 


Lopy iTui Spec ial mcxiltl ed 1977 LeBaro n Coupe 


OtSC Ni»*TiON Of f AllURC ON OlfICIfNCv 


— 

ii 


Ihe engine alr/oll punp system was not turning during 


I cranking tests. The electro-magnetic clutch was found inoperative due to lack 
|_ot power. A non-released boot clamp had worn thru the boot and power leads, 

^ shorting to ^ound causing the wl.res to bum thru. Sufficient coll le ad lengths | 


remained to allow extensions to be used restoring the original coil to service. 


Total estimated shipping distance in North America has increased to 18,322 miles 


T 


(total distance in the world is now 24,322 miles). 


VMIC U 1 TttT »eCTtON INtPgCTIONl (U». IN».»CTIOM AND W.POWT WEQU»tTtOI 



GROSS 


cc; 


h- 




T. Golec 

J. V. Gross (3) 

^Ri_Pa^vini 

E. Z. Trteskey 

^P. Kengln (NASA) 

R. F. Pauley 
T._D._Nogle 


-i 


CIMS 422-01-09 


I^LCAtt wniTI LABCNATOMV INt^CCTION ON niVCRtt tIDE, AND I 
DATA ItCTION. DEPAHTMENT (tTO, PHOVINO OMOUNO) 


-■ -H, 


lAIL TO 


‘|FONM 


CHRYSLER CORPORATION 
P. P. A D. STAFF 
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Car 649 
U-3 


A-926 

Gas IVirblne 


318.0 


PP8-1CM 


PART FAILURES AND DEFICIENCIES 7830-926-89 


Vehicle Ccrap lete 


Mllil OM 318.0 


Tvri or oraiiATioN Vehicle DennnstraCion/OlsplA: 


looTiTnc Special m cxll t i^ 1 977 I^Baron C oqpe 

MicwiPTioNor »*iio«oi*oiric.iNcr The vehicle returned tron Calitomla vihere it was 


stored tor tour mont hs foUowin^ an exhibit at Sacramen^^^ 

The tol lowing discrepancies were noted: 


- The right engine mount had tai lured allowing the regenerator cover Co rest 


on the engine munt bracket. 


- Rear si 4 >port bolts for transmission were loose. 


- Radiator yoke at lower right is pushed rearward and up. 


- Filter box outlet is distorted and allows air to bypass the filters. 


- Fiberglass damage to underside ot air dam. 


- Oil cooler tan moints sheared. 


- The linerless insulation in the burner cap is loose. As a result it has 


fretted approximately .060 in. material radially around the spacer tubes and 


fretted approx. .050 in. axially behind mixer p>ads. Examination showed the | 

insulation has not been force behind the retaining wire mesh sections. |, 

Total estimated shipping distance in North America has increased to 13,322 miles !• 


(Total distance shipped in the world is now 21,322 miles). 


J. V. GROSS 


1PONM ue-«T»i ■ 


■PLKAIK wniTK LABONATONV INMICTION ON RIVIRtI IlOF, AND MAIL TO . 
ATA ilCTION. OIRARTMINT MTO, RROVINO OROUNO) 


CHRYSLER CORPORATION 
P. P. A D. STAFF 


< -.r- J 


:: T. Golec, J. V. Gross(3), R. Padovini, E. Z. Trieskey, P. Kerwin (NASA) 

R. F. Pauley, T. D. Nogle 
















NASA Lawlt R.C. 
Call CE-28 


A-926 


PART FAILURES AND DEFICIENCIES 7830-926-90 


C. E. Wagnar 


Powar Turbina Noxxla Actuator 


riRT Ri;«3lR 

A09666S0 

Sarlal 

Nuffibar 3 

MILi: on part 

Hours not 

known, 

In sarvlca Juna , 1979 - August, 1980 

TtH 0^ OrCtlATiON 

NASA 

Lawle . 

translant test call CE-28 


iKRiFTiON Of ftauMoa 0CFiCi£sc» Actuator shaft bora In housing adaptor gallad badl 


May hava causad or contrlbutad to poor noxxla rasponsa. Alumlnura bora has 


baan daburrad and adaptor has baan anodlxad to raslst galling. 


Additional rapalrs hava baan mada to ovarcoma thraa minor daf Iclanclas : 


axtarnal laakaga at null valva saal, loosa forca motor push rod (ylaldlng 


mlslndaxad "null"}« and loss of position faadback signal (probably causad In 


handling or transit). 


Bruce chapffia n 

VgHlCLS TEXT teeTIQU INSXXCTiONi IkAS IKteggTION AHO RCeSWT RESUESTSul 


J. Corwin 

T. Golac 


J. Gross (3) 

P. Karwtn NASA 
H. LaFavra 


J;_Npgla 

K. Padovlnl 


R . Pau lay 

_ N^_Spa£ks 

E._ Trlaskay 

C'l-a 422 - 01 -os 


leuKAix wRiTx i.AaoRATONv iNsexcTioN ON eavintx tiot, ano mai 
TtON. oseAaTMXNT tSTo, enoviNO omounoi 


CHRYSLER CORPORATION 

A. P. a O. STAPP 
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Tmrs! 

PP9-1 1 


A-926-1 1-8-81 N/A 

r a ■ * 

NA^^A-Lewls 


PAr<T FAILURES AND DEFICIENCIES 

7830-9?^ 91 

JMOCP TO Ot^T 

NO 7830 MR C. E. Uagper 


fART NAMI 

Air Bearing - Gas Generator Rotor 


RARl 

3813871 S/N 6-2 



milummmt 133.1 Hrs., 369 Starts (NASA 147.5 Hrs., 363 starts) 
Tm o» Steady State General Development Testing. 


•ooY imc 

pfKRIPTlON f AILUAI OH Olsten NC V 

C^s Gene rat or Assembly seized while at 87% Inspec tion showed t he 

^Ir baring had seized. T he f ollowing discrepancies were noted NASA 

and/or Ch rysler perscmrel^ during inspection of the various parts. 

- ^AlrJBiflilQg/ Air Beari ng Sleeve seized tog e ther . The ^ir bearing ears 

and middle seal s ustained damage as the combined pieces had to be forced 

out . T he a^ bearij]g was slit as^lly diametral ly opposed to remove it 

from the sleeve. Initial visual Inspection revealed some pieces of 


smooth foil remain. 

Additional Metallurgical cotnnents are ap pe nded 


Al^Bearli^__Sleg^ - Rear half of Joural is ^lled and/or plated with 
debris. Ihe thrust face for the oil bearing has a new not run app^rance. 

A brown hard deposit is o n t he slinger_00 and Inniediately forwart of the 

finger on t he small diameter. ^ _ 

Compressor Rotor (all alunimm) - Very dirty n»n receipt from NASA. This 

ciM» 422-01-09 See pg. 2. 


* ~ j' : r 

I FORM tib-4T«> • 


CIMt 422-0 1-09_ 

(FLBAtt RRITC LA90RAT0RV INtFBCTION ON RCVIRII >101, AND MAIL TO 
OATA HCTION . OBFARTMINT 4IT0, FROVINO OROUNOI 

»-J ■ . ■ ! ^|— ^1. 

CHRYSLER CORPORATION 
R. R. ft D. 9TAFF 





Part Failures and Deficiencies 7830-926-91 
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problem has been seen consistently from previous gas generator assemblies. 

The accompanying photos show the relative dirt accumilatlon compared to a 
virgin compressor. The rotor sustained face tip and eye O.D. rubs. Zyglo 
showed a nallal back face crack at the O.D. which radiates In an arc thru 
one blade. 

The back face shows surface displacement across the crack, no obvious signs 
of mechanical damage exist. This rotor has been machined from a forged 
billet which has been x-rayed and zygloed Initially and approved. T^ rotor 
was zygloed upon receipt, tested-modlfled, and Rezygloed prior assembly 
Into PP 9-11. The alimlnun leading edges of the main and split. »r vanes are 
somewhat rough suggesting erosion. Seme Impact craters (by larger particles) 
are visible under higher magnification. 

TXirblne I4iyl - 131 - There are possible crack Indications at the leading 
edge root billet. These are similar to turbine wheel 155 (Ref. Failure Report 
73^k)-926-84 and appended Speedl Memo). 

The wheel O.D. Is .011 In dia. smaller over approximately half the periphery. 
Risxxjt In this area gradually Increases to a maxlmun at the mid point. 

Runout over the remainder of the wheel Is virtually zero. The wheel seal 
Journal diameter exhibits heavy rubs Indicating contact with the carbon seal 
steel cartridge. The heaviest point Is coincident with the shortest blade 
O.D. area. The replacement wheel #155 exhibits similar root fillet Indications. 
This wheel Is limited service with frequent Inspections as outlined In the 
previously referenced Failure Report. 


J. V. OIOSS 

mab 

cc: C. Belleau 

J. Corwin 
T. Golec 
J. Gross (3) 

P. Kerwin - NASA 
T. Nogle 
R. Padovlnl 
R. Pauley 
N. Sparks 
E. Trleskey 
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□ MV 

□ Ml MO 

□ miOAAM 

□ CONMAUCI 


SPIEDIMEMO 


v7, i/. 

TScAfJffJT 

Dfe^ 1S5«, 


LOCA^ON 

iitPr 


tUBilCT 




lL^: 

Amt 






IS&UID TO Ol^T NO 


C. £• Wagner 


iPtMt KUMilU 


.iMILlS ON »•*»* 


Air Beart r>g - Gas Gen erator Rotor 

381387 1 S/N 21-1 . 

55.1 Hr 95 starts (NASA:26.4 Hrs, 55 starts) 



rvn Of ow HA TioN Stea dy-State General Developme nt Tes tlni 


iOOV STYlt 


OIKNIPTIONO. r*auBtonoiMfiiNc» T^e gas generator was disassembled at NASA to dcter- 


mine cause of tight shafting. The smooth foil section was found protrud 


forward. Closer inspection showed a complete fracture of the smooth foil 


thru the spot weld area. This bearing utilized the latest spot weld technic 


Additional metallurgical inspection is in process to determine the exact cause 


of the failure. A speedimemo discussing the failure mode with photos is 


appended . , , 
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Figure 6 2000X 

Fatigue Striations 


Figure 5 600X 

(Area A of Figure 3) 



Fiflure 7 300 X 

(Are* B of Figure 3) 


Figure 8 2000X 

Fatigue Striations 
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PART FAILURES AND DEFICIENCIES 7830-9i!b-93 


MILtS ON r«RT 


VQUCLE - GAS TURBINE 


244.4 Miles (Time in Wash. D.C.) 


TTM Of opiwtTioN Vehicle de monstratlcxi/ di splay at 


adouarters, Washinston. D.C. 


itcNiPTioNoi MtiuNcoMotncitNcr Ihe vehicle was recalled fron Washington to investigate 


and correct conplaints o f un dershoot , cycli ng and smoke during c ol d starts. 

Warm/hct conditions were trouble free. These symptoms were observed and docu- 



mented at Chrysler. Minor control system corrections were made without 


significantly altering the starting characteristics. 



I ViHICLf TUT IKCTION INf^tCTIQN INtyCCTlQH AND Hgi*QWT WgQUOTtO) 


The tank fuel was analyzed because the engine exhaust had a diesel-like o dor. j j 
I The analysis is appended and indicates two things: i! 

ij 1. The sample showed 177. contamination by a well-refined kerosene type solvent. i| 

i' t* 

I i| 

;i 2. The fuel was contaminated with lead as stated on the analysis, "if 'jnleaded i, 




fuel was added it was contaminated with enough leaded fuel to class it as 


leaded". 


• - See-Pag« 2 , | 


CIMS 422-01-0* 


iFONM M0-47JI 


‘FLtAtl WniTl LAaONATONV INfPKCTION ON niVintl flOK, AND MAIL TO 
£AT_A_fI£TION, OKFAKTMKNT «t?0, FNOVINO OHOUNO) 

fj • — — •* — r ■' 
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Fuel was added prior to the vehicle return (during a service call), therefore 
this fuel sanple represents a diluted quantity from the fuel being used when this 
miershoot problem first occurred. Ihe vehicle Is equipped with a legislated 
inleaded filler neck (small). In addition, a locking gas cap Is used. Repeated 
inquiries by Chrysler personnel as to the use of demonstration fuels always drew 
a 'Vtothlng was added" comnent. 

Inspection of the ccrobustor and 1st stage wheel shoi^ no obvious inusual 
deposits. 

Subsequent starts with docunented MS3900A (unleaded fuel) has shown normal start- 
ing ctwracterlstlcs (no trtdershoots, cycling, or exhaust smoke). Considerable 
time and effort was expended to resolve this coqplalnt. Eventhough gas turbines 
have the potential for multi-fuel capabilities, the upgraded englne/control/ 
vehicle system has had no cold/hot start developn.ent with altetnate fuels of any 
type. (Jhleaded gasoline Is the specified fuel and should be the only full-time 
fuel used. However, If other fuels must be demonstrated, Chrysler personnel 
should be cognizant of its planned use in advance. 

Concerns are directed toward th^ effect of fuel types (e.g. , alcohols) on control 
component elastomers such as the "rubber" inserts used for solenoid valves or 
check valves. In previous experience with "special" fuels the solenoid elastomer 
swelled causing It to be inoperative. 

Ihe usual Washington source for routine refueling of this car has not had com- 
plaints from other customers, hhich should have resulted If the fuel source was 
accidentally contaminated with large portions of kerosene or diesel fuel. It is 
believed that someone added such fuel intentionally. Ihe leaded gasoline, however, 
could easily have been encountered accidentally without receiving user complaints, 
since such accidents are being reported regularly by the EPA. 
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This report summarizes work done between October 1979 and January 1981 by 
Chrysler Corporation in support of continued use by the Govei.Tfient of 
Baseline engines and vehicles and Ujsgraded engines and vehicles ^'^elivered 
by Chrysler to the Government uider DOE Contract EY-76-C-02-27\9, 

Support was provided to DOE and NASA in their efforts to inform industry, 
the public, and Government on the benefits and purpose of the gas turbine 
programs through demonstrations and exhibits. 

Tasks were carried out for maintenai'ice , repair, and retrofit of the 
experimental gas turbine engines being used by NASA in their gas turbine 
technology programs and in program demonstrations. 

Limited support testing was conducted at Chrysler in which data were 
generated on air bearing rotor shaft dynamics, heavy duty variable sheave 
rubber V-belts, high temperature elastomer regenerator drive mounting and 
graphite regenerator seal friction characteristics. 
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